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ABSTRACT
Techniques were developed for evaluating rice (Oryza
sativa) varieties for resistance to sheath blight caused by
Thanatephorus cucumeris (Rhizoctonia solani) in the field
and greenhouse.

More than 1200 rice varieties and lines

were evaluated for resistance in field nurseries during
the 1973 and 1974 seasons.

In the field nurseries, ino

culated with R. solani, about 5% of the varieties and lines
were resistant while approximately 26% showed moderate
resistance to sheath blight.

There was a highly significant

negative correlation between disease severity and number of
days from sowing to heading among the varieties.

In the

greenhouse, 272 varieties and lines were screened for re
sistance to sheath blight at the seedling stage.

Seedlings

were grown in flats and inoculated when they were 35 days
old.

About 3% of the varieties tested by this method were

resistant with about 9% moderately resistant.

Reaction at

the seedling stage was found to have a highly significant
correlation (r = 0.528) with mature plant reaction in the
field using 50 varieties.
A group of 30 varieties with about the same maturity
were used in a series of experiments involving methods of
testing for resistance in the field, greenhouse, and lab
oratory.

Field tests indicated that inoculation at the

tillering, booting, or heading stage would produce signi
ficant differences among the varieties.

viii

Plants were more

resistant at tillering than at the booting or heading stage,
but the varieties tended to maintain their relative resis
tance or susceptibility ranking from the tillering to head
ing stages.

Experiments using 35-day old seedlings of the

30 varieties in the greenhouse indicated that the reactions
of the varieties were more distinct in the field than in
the greenhouse.

The 30 varieties were also evaluated for

resistance in laboratory tests by germinating seeds in petri
dishes containing soil inoculated with R. solani.

Results

from laboratory tests were more variable than those from
the corresponding greenhouse or field tests.

The results

from the greenhouse test were highly correlated with field
results, but the correlations between laboratory results
and field results were generally low.
The inheritance of resistance to sheath blight was
studied in the crosses Bluebelle x Caloro, Bluebelle x
Zenith, Dawn x Caloro, and Dawn x Zenith.

Bluebelle and

Dawn were susceptible to very susceptible to sheath blight
while Caloro and Zenith were moderately resistant.

The par

ent varieties and the F^ and F 2 progenies were grown and
artificially inoculated in the field in 1974.

Results

indicated that resistance to sheath blight was partially
dominant over susceptibility.

The distribution of Fg

plants by percent infection was continuous and essentially
covered the range of both resistant and susceptible parents.
From the number of plants in the Fg progenies that appeared
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to be recoveries of the recessive parent genotype, it
appeared that the difference in sheath blight infection
between the moderately resistant and very susceptible
parents may have been due to as few as two pairs of genes.
The parents and random Fg lines from each of the
crosses, except for Dawn x Caloro, were tested at the
seedling stage in the greenhouse in 1975.

A regression of

offspring on parent was conducted using the Fg mature plant
rating and seedling disease ratings of the derived Fg lines.
Heritability estimates by regression ranged from 3.6% to
20.1%.

These results indicated that a large amount of the

variability for disease reaction observed among individual
plants was due to environmental effects.

Broad sense

heritability estimates, using the variance components from
the analyses of variance for disease ratings of Fg lines,
ranged from 62.6% to 86.3%.

This indicates that it is

possible to identify sheath blight resistant lines at the
seedling stage as early as the Fg generation.

x

INTRODUCTION
Rice (Oryza sativa L.) is a major food crop that feeds
more than half of the human population and is the staple
food in many countries in Asia.

The crop is grown under a

wide range of soil and climatic conditions and under dif
ferent cultural practices.

More than 90 percent of the

world's rice is produced and consumed in Asia.

In the

United States, rice is an important cash crop in the states
of Arkansas, California, Louisiana, Mississippi, and Texas.
The United States is one of the leading rice-exporting
countries in the world.
Sheath blight of rice is one of the major diseases
that can cause serious damage to the rice crop.

This

disease is present in all the rice growing areas of the
world.

The first report of sheath blight (sheath spot

caused by Rhizoctonia solani Kuhn) in the United States was
made by Ryker and Gooch (1938).

However, the disease was

not considered important until recently.

Yield loss due

to sheath blight has been reported in Arkansas and Texas
(Templeton and Johnston, 1969).

The disease was reported

to be present throughout the southern Louisiana rice grow
ing area in 1971 (Rush, 1972).

Infections were severe in

some fields, with apparent yield loss in fields severely
infected with sheath blight.
The sheath blight fungus attacks the leaf and leaf
sheaths of the rice plant.

Susceptible plants may be
1
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severely blighted under favorable weather conditions.
Killing and premature drying of leaves reduces the photo
synthetic area of the plant.

This leads to incomplete

filling of the grain, which lowers grain yield and milling
quality.

In addition, sheath blight weakens the straw

making the plant more susceptible to lodging.
Development of sheath blight is favored by high
humidity, high temperature, and high rates of nitrogen
fertilization.

Dense planting and the use of high tiller

ing varieties tends to create a humid environment in the
plant canopy, which is conducive to the development of the
disease.

Hence, susceptibility to sheath blight is likely

to limit the use of improved and nitrogen-responsive
varieties.
Sheath blight is difficult to control by cultural
methods.

Chemical control, though practiced in some places,

is expensive.

Therefore, the use of resistant varieties is

probably the most economical and practical way of control
ling the disease.
Breeding resistant varieties requires a suitable
method for evaluating rice plants for their reaction to
the sheath blight fungus.

This is needed not only in the

identification of possible sources of resistance among
available varieties but also in the actual selection of
resistant individuals or lines from the progeny of varietal
hybrids.

Knowledge of the inheritance of resistance is

3

important to the breeder in the development of an efficient
program to select resistant varieties.

Information re

garding the inheritance of resistance or susceptibility
to sheath blight is inadequate and there is very little
published information on this subject.

This study was

therefore initiated with the following objectives:

(a) To

evaluate the reaction of rice varieties and lines to
sheath blight,

(b) To identify sources of resistance to

sheath blight which could be used in breeding programs to
develop sheath blight resistant varieties,

(c) To evaluate

methods of screening rice varieties for resistance to the
disease, and (d) To determine the inheritance of sheath
blight resistance in rice.

REVIEW OF LITERATURE
Importance of sheath blight - Sheath blight is widely
distributed in many rice-growing countries and has often
caused serious damage to rice in both the temperate and
tropical regions.
Jennings, 1969).

(Hashioka and Makino, 1969; Ou and
According to Ou (1972) the disease was

first described in Japan in 1910 and has since been reported
in many other countries in Asia.

The disease is prevalent

in Asia and has also been reported in Surinam, Venezuela,
and Madagascar.

Sheath blight has recently been recorded

in Brazil (Amaral and de Jesus, 1973) and is reported to
be damaging to rice in Columbia (CIAT, 1971; Rosero, 1972).
The disease has long been present in the United States
(Ryker and Gooch, 1938; Ryker, 1940; Ryker and Exner, 1942).
In the United States, the disease has been regarded
as minor until lately when its incidence and the amount of
damage to the rice crop were noted to have increased
(Ryker, 1940; Templeton and Johnston, 1969; Rush, 1972).
Valdez (1955) reported that sheath blight occurred in both
the upland and lowland rice fields in the Philippines but
considered it of minor importance.

In Japan, sheath blight

has become second to the blast disease in causing damage
to rice, a position formerly dominated by brown spot and
stem rot diseases (Hashioka, 1966).

Many authors share

the opinion that changes in varieties and cultural prac
tices, including the application of more nitrogen

4
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fertilizers, have been responsible for the increasing
importance of the disease to rice production (Hashioka,
1966; Templeton and Johnston, 1969; Ou, 1972; and Atkins,
1974).
Sheath blight of rice is also known as oriental sheath
and leaf spot, banded sheath spot, or banded sclerotial
blight (Hashioka, 1970).

The symptoms of the disease,

according to Hashioka (1970) and Ou (1972), usually appear
first as spots on the sheaths near the water line.

The

spots are at first ellipsoid, about 10 mm in size and
greenish-grey in color.

These spots or lesions gradually

enlarge and turn greyish-white with brown-banded margins.
The enlarged lesions may be 2 to 3 cm in length with
irregular outlines.

Lesions may coalesce and advance from

the leaf sheaths to the leaf blades.

Large lesions on the

leaf sheaths kill the leaf blades and all the leaves may
be blighted in severe cases.

Under humid conditions, the

cobweb-like mycelia of the fungus may grow over the surface
of affected tissues and spread to other leaves.

The fungus

produces brown sclerotia which are loosely attached to the
infected tissues and readily fall to the ground.

The size

and color of lesions and formation of sclerotia are in
fluenced by environmental conditions.
Sheath blight damage results in a high percentage of
unfilled or partially filled grains at harvest (Singh and
Pavgi, 1969; Rush, 1972) which reduces both grain yield
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and milling quality.

Death of leaf sheath tissues weakens

the straw rendering the plants more susceptible to lodging
(Lo, 1972).

Studies conducted by Yoshimura (1954) showed

that when infection has reached the second uppermost leaf
sheath, there is an 8 percent decrease in 1 ,0 0 0 -kernel
weight and if infection reaches the flag leaf, a 14 per
cent reduction in 1,000-kernel weight.

Hashioka (1970),

reported a 30 to 40 percent reduction in yield could be
expected, in the early planted rice in western Japan, if
all the tillers had infections reaching the flag leaves.
From the results of an experiment Tsai (1974) concluded
that yield loss to sheath blight depends on the stage at
which the plant becomes infected.

He found that severe

losses are likely when the plants are attacked by sheath
blight at about the maximum tillering stage or at the
booting stage, but his results indicated infection occurr
ing at the milk stage may be too late to cause serious
yield reduction.
Yield reduction due to sheath blight was estimated
to be from 14 to 17 percent in Taiwan (Lo, 1961) where,
like in Japan, sheath blight is next in importance to rice
blast (Hashioka, 1951; Hashioka and Makino, 1969).

Sub

stantial reductions in yield due to the disease were re
ported in Arkansas in 1968 with losses estimated to be as
high as 25 percent in some fields (Templeton and Johnston,
1969).

A study conducted by Rush (1972), when sheath blight
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was epidemic in southern Louisiana, showed that heavy
infections can reduce yield by as much as 33 percent in
the affected areas of a field.
Description and classification of the fungus-

Sheath

blight is caused by the fungus Thanatephorus cucumeris
(Frank) Donk (Rhizoctonia solani Kuhn).

The species is

highly variable and worldwide in distribution.

The im

perfect stage R. solani is the stage of the fungus normally
found in rice fields.

Isolates of R. solani are known to

be so variable in morphology, physiology, and pathogenicity
that the classification of the species is still unsettled.
According to Parmeter and Whitney (1970) a satisfactory
species concept of R. solani must accomodate this vari
ability and since the whole range of variation in the
species is not yet known, a precise species concept cannot
as yet be developed.

Nevertheless, based on the available

information, they list some characteristics they consider
typical of R. solani.
(1 )

The mycelial characteristics are:

multinucleate cells in young vegetative hyphae, (2 )

prominent septal pore apparatus,

(3) branching near the

distal septum of cells in young vegetative hyphae,

(4)

constriction of the branch and formation of a septum in
the branch near the point of origin, and (5) hyphae some
shade of brown.

Usually, but not always, isolates form

sclerotia, have moniloid cells, hyphal diameters greater
than 5 microns, rapid growth rate, and pathogenicity.
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R. solani isolates never have clamp connections, conidia,
sclerotia differentiated into rind and medulla, rhizomorphs,
pigments other than brown, and a perfect state other than
Thanatephorus cucumeris.
The perfect state of Rhizoctonia solani Kuhn is con
sidered to be Thanatephorus cucumeris (Frank) Donk.
According to Menzies (1970), the perfect state of the
fungus was originally named Hypochnus solani when first
discovered by Prillieux and Delacroix

in 1891.

It was then

called Corticium vagum, later Pellicularia filamentosa and
now it is called Thanatephorus cucumeris.
Rhizoctonia solani is only one of the names applied
to the sheath blight fungus.

Ou (1972) reviewed the taxo

nomic status of the fungus which was originally called
Sclerotium irregulare when the disease was first described
in Japan by Miyake in 1910 and was later called Hypochnus
sasakii.

According to Ou, it was Matsumoto in 1934 who

considered the name Corticium sasakii more appropriate for
the fungus after studying both the perfect and imperfect
stages of Hypochnus sasakii.

Ou reported that in the

Philippines and Ceylon, sheath blight fungus has been re
ferred to as Rhizoctonia solani.
Exner (1953) made a comparative study of four
Rhizoctonia species occurring in Louisiana and one of the
species studied was Corticium sasakii, the cause of the
banded sclerotial disease of sugarcane, rice, and certain
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grasses.

She reported that the four Rhizoctonia species

could be differentiated with regards to their cultural
characteristics and the symptoms produced on hosts, but
morphological differences among the perfect stages could
not be demonstrated.

It was suggested that the four

Rhizoctonia be considered forms under Pellicularia
filamentosa (Rhizoctonia solani).

The sheath blight fungus

Corticium sasakii became known also as Pellicularia
filamentosa f. sp. sasakii Exner.
According to Hashioka (1970) the fungus causing the
banded sheath spot of rice in the United States has been
classified by Japanese workers as Hypochnus sasakii.
Hashioka used Pellicularia sasakii in referring to the
sheath blight fungus and listed Hypochnus sasakii Shirai,
Corticium sasakii (Shirai) Matsumoto, and Pellicularia
filamentosa f . s p . sasakii Exner as synonyms.
The ability to anastomose, an indication of relation
ship among groups of isolates, has been used to classify
isolates of R. solani.

According to Sherwood (1969),

classification of isolates on the basis of anastomosis
groupings appears to be better than classifying them on
morphological or physiological characteristics which are
easily affected by the environment.

The ability or in

ability of groups to anastomose appears to be a genetically
controlled, stable trait.
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Anastomosis groupings performed by Parmeter et^ a l .
(1969) on 138 diverse isolates of R. solani showed that
most of the isolates were assignable to one of the four
anastomosis groups.

Isolates designated as Corticium

sasakii and Hypochnus sasakii belong to Anastomosis Group
1 (AG-1).

This was confirmed by similar work conducted

by Ogoshi (1972a, 1972b) in Japan.

In his anastomosis

grouping, the group to which isolates of Corticium sasakii
were assigned corresponds with AG-1 of Parmeter e_t al.
(1969).

A recent test conducted by O'Neill e_t al.

(1975)

also indicated that the R. solani isolates that cause
sheath blight of rice in Louisiana belong to AG-1.
There is another species of Rhizoctonia, Rhizoctonia
oryzae Ryker and Gooch, that infects rice and produces
symptoms that closely resemble those caused by R. solani
(Ryker and Gooch, 1938).

The disease caused by R. oryzae

has been designated by the following names; bordered sheath
spot, Rhizoctonia sheath spot, or red sclerotial disease
(Hashioka, 1970).

Spots produced by R. oryzae are usually

confined to the lower leaf sheaths and rarely occur on the
leaves.

The fungus does not penetrate the culm and

sclerotia are not produced on the diseased plant (Padwick,
1950; Rush, 1972; Atkins, 1974).

The two Rhizoctonia

species are very distinct in culture (Hashioka, 1969).
R. solani has brown coarse hyphae and develops large brown
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sclerotia, while R. oryzae appears as pinkish glistening
colonies and produces minute reddish and globose sclerotia.
Rhizoctonia oryzae is not as widely distributed as
the sheath blight fungus.

R. oryzae is commonly found in

subtropical to tropical regions while the distribution of
the sheath blight fungus extends from the tropics to the
temperate regions (Hashioka and Makino, 1969; Hashioka,
1970).

In the United States, bordered sheath spot caused

by R. oryzae occurs in Louisiana, Arkansas, and Texas
(Tullis, 1934; Ryker and Gooch, 1938; Atkins, 1974).

A

disease similar to bordered sheath spot has been reported
on rice in Florida (Green, 1958).

In the United States,

reductions in grain yield and quality due to bordered
sheath spot are probably slight (Atkins, 1974).
Matsumoto et a l . (1933) studied
sasakii Shirai.

They

17 strains of Hypochnus

found they could separate the isolates

into groups based on their reponse to temperature.

They

reported that the optimum temperature for all the strains
was between 28 and 31

C, the maximum was about 37 C, and

the minimum around 13 C.
Akai ejt al. (1960), working with isolates of Pelli
cularia filamentosa (Pat.) Rogers, reported that isolates
with no pathogenicity showed poor mycelial growth, while
the pathogenic isolates showed rapid growth.

The sasakii-

type isolates were among the fast-growing isolates.
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In Taiwan, Chien and Jong (1963) were able to group
300 isolates of P. sasakii into seven cultural types based
on mycelial growth, coloration of substrate, days required
for sclerotial formation, number of sclerotia, and other
characteristics when grown on potato sucrose medium.
Based on cultural differences and the ability of isolates
to attack rice , the authors concluded that physiologic
races of P. sasakii exist in Taiwan.
Studies by Tu (1967) showed that some strains of P.
sasakii are more abundant than other strains.

Working with

310 isolates collected from different localities in Taiwan,
he was able to group them into 20 strains based on cultural
characteristics.

He found that 3 of the 20 strains com

prised 50 percent of the total number of isolates.
garding sclerotial characteristics,

Re

he found that on in

fected rice plants all strains produced sclerotia that re
mained distinct or separate but on PDA, only 13 strains
produced such type of sclerotia while the other 7 strains
produced aggregated sclerotia.

He observed that rapid-

growing strains with slight aerial mycelium were more
virulent.
IRRI (1971) studied 13 isolates of Corticium sasakii.
They reported that isolates differ in their pathogenicity
when tested on selected varieties of rice.

The isolates

also responded differently to temperature with some iso
lates showing poor growth at 36 C while others grew well
at this temperature.
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The production of the sexual state is one of the
mechanisms for variation in the fungus.

Singh and Pavgi

(1969) reported finding the perfect state of Corticium
sasakii, the first report of the occurrence of the perfect
state in India.

They described the basidial state as a

dull creamy white crust on the leaf sheath, consisting of
ectophytic mycelium, basidia, and basidiospores.
Philippines,

In the

IRRI (1973) also reported finding the basidial

state of the fungus in the sheath blight nursery.
Exner and Chilton (1943) conducted a study on single
basidiospore isolates of R. so la n i .

They found that the

isolates differed in rate of growth, color of mycelium,
colony type, and in the size, shape, number, and arrange
ment of sclerotia, which were indications that segregation
had occurred in the formation of basidiospores,
IRRI (1974) reported wide variation in mycelial char
acteristics and appearance of sclerotia among single basidio
spore isolates.

The optimum temperature for mycelial

growth varied from 24 to 32 C and that for production of
sclerotia, from 16 to 32 C.

There was also a wide range

in pathogenicity among the isolates, however,

in general,

resistant varieties were more resistant to all isolates
and the susceptible varieties more susceptible to all
isolates.

The interaction between isolates and varieties

could not be considered strictly differential.

This
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finding agrees with those made by Ruppel (1972) in his
work with R. solani (AG-2) which causes root rot in sugar
beets.
The primary inocula in the field for initial infection
are mainly sclerotia and little from the mycelium (Palo,
1926).

His studies showed that sclerotia can remain

viable for three months when submerged in water.

Viability

of sclerotia lasted for about five months when buried 5
to 2 0 cm deep in moist soil and from six to seven months
when buried 5 to 20 cm deep in dry soil.

Chien et a l .

(1963) have estimated that in a diseased field with about
28 percent infection, approximately two million sclerotia
per hectare dropped on the soil surface.

Mycelium in in

fected tissues may survive as long as the sclerotia, under
upland conditions (IRRI, 1973).
Sclerotia float to the surface of the water during
the puddling and levelling operations and will eventually
come in contact with the plants (Ou, 1972).

It has also

been observed that secondary sclerotia may be produced on
the water surface by floating sclerotia (IRRI, 1973).
Kozaka et a K

(1957) reported that the intensity of the

primary infection was related to the number of sclerotia
that became attached to the plants.
The fungus gains entrance into the living tissues
through the stomata or by penetrating uninjured parts,
usually forming an infection cushion before penetration.

15

Penetration of the cell walls is dependent on the ability
of the fungus to dissolve cellulose (Matsuinoto and
Hirane, 1933).

Infection is enhanced by lodging and insect

injuries (Wu, 1971).
Kozaka and Fukushiro (1957) found that fresh lesions,
three to four days old, gave rise to infective and aggres
sive mycelium.

The pathogenicity of the mycelium appeared

to deteriorate with age of lesions.

Their results also

indicated that after the primary lesions are formed,
secondary infections follow rapidly if the conditions are
favorable.

IRRI (1973) reported that the sheath blight

fungus produced two types of mycelium, the straight running
type and the lobated type.

The straight running type of

mycelium grows on the surface of plant tissues and does
not produce lesions.

The lobate mycelium infects the

tissues and produces lesions.
Wu (1971) mentioned that outbreaks of sheath blight
usually occurred at about the maximum tillering stage of
growth.

According to Peng et al. (1965) the maximum

development of mycelium occurs from about 10 days before
to 10 days after heading.
The sclerotia which are loosely attached to the plant
tissues fall on the soil and act as the primary source of
inoculum for the succeeding crop.

Heavy infections are

likely to occur in places where serious infections have
been observed in the previous season (Singh and Pavgi, 1969).
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IRRI (1972) reported that the number of sclerotia was
positively correlated with the degree of sheath blight
infection.

They found that more sclerotia are formed

on susceptible rice varieties than on resistant varieties.
Effect of environmental factors on disease developmentClimatic conditions, particularly air temperature and
relative humidity, greatly influence the development of
sheath blight (Palo, 1926, Ou and Jennings, 1969).
According to Kozaka trt a,1. (1957), the optimum temperature
for infection by mycelium was within the range of 30 to
32 C with the maximum at about 35 C and minimum somewhere
about 23 C.

While infection is favored by high temperature,

it is highly dependent on relative humidity.

Matsumoto

et a l . (1933) observed that infections are most severe at
100 percent relative humidity and gradually decline with

decrease in humidity.

The minimum relative humidity for

infection being about 85 to 88 percent.

In Taiwan, sheath

blight development is most severe in the second crop,
especially in the South where air temperatures and humidity
are highest (Wu, 1971; Lo, 1972).

Tests conducted in four

locations in Taiwan showed considerable variation in
severity of infection (Chang, 1962).

The mean percentage

of culms infected varied from 25 percent to as high as 78
percent among locations.
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High rates of nitrogen fertilization and dense
planting are among the practices that contribute to the
severity of sheath blight.

These practices, though im

portant for high yield, tend to create dense growth thus
restricting air movement and penetration of sunlight.
Under these conditions, the leaf sheaths and leaf blades
in the canopy are almost constantly in a high moisture
environment.

Doi et al. (1952) found that an increase in

the number of tillers or stems per hill was accompanied
by an increase in sheath blight infection.

Correspondingly,

directly seeded rice had more severe infections than
transplanted rice.

Sonku and Kozaka (1957) studied the

susceptibility of plants grown under different levels of
nitrogen to sheath blight.

They found that while the size

of the primary lesions was dependent on the initial inoculum,
those of the secondary and tertiary lesions were most in
fluenced by the amount of nitrogen supplied by the host
tissues to the mycelium.

Secondary and tertiary lesions

were larger on plants receiving higher rates of nitrogen.
According to Chien et al. (1961) in most varieties the
percentage of culms affected with sheath blight was pro
portional to an increase in the amount of nitrogen applied.
The effect of luxuriant growth on severity of sheath
blight may not be due to the high humidity created in the
plant micro-environment alone.

Wu (1971) believed that

in addition, heavily fertilized and densely planted crops

may be structurally weakened and less resistant to in
fection.

Endo (1935) showed that sunlight tends to

inhibit mycelial growth and the development of mycelia
from sclerotia.

This inhibitory effect of sunlight on

the fungus is limited under dense and luxuriant growth
of the plants.
Host range wide host range.

The rice sheath blight fungus has a
According to Palo (1926) R, solani in

fecting rice also infected such crops as cotton, pepper,
peanut, squash, sorghum, sugarcane, and cassava.

Ryker

(1939) reported R, solani causing diseases in bermuda
grass, sugarcane, rice, and other grasses in Louisiana.
Diseased sugarcane showed large, irregular, bleached areas
bordered with reddish-brown margins frequently forming a
series of bands.

Valdez (1955) found that eight genera of

Gramineae and one genus of Cyperaceae, common in rice
fields, were infected with the sheath blight fungus.

He

also made cross-inoculation studies on sugarcane, corn,
peanut, string beans, pepper, tomato, and eggplant.

On

sugarcane, the lesions produced were typical of the banded
sclerotial disease earlier reported by Ryker (1939).
According to Tsai (1970), the host weeds of P. sasakii
involved 11 families and 20 species in which Gramineae and
Cyperaceae were the most important.

Sclerotia or diseased

tissues from weeds when placed onto rice initiated develop
ment of typical symptoms of sheath blight.

Conversely,
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sclerotia from rice straw induced sheath blight symptoms
on grasses and other weeds.
Control of sheath blight -

Results from screening

for resistance to sheath blight conducted by different
researchers (Chang, 1962; Das, 1970; Wu, 1971, Rush, et
al., 1973, Hoff et a l . , 1974; IRRI, 1974) in several places
indicate that varietal differences in resistance to sheath
blight exist.

Many varieties are susceptible but there

are varieties th-ii; possess some degree of resistance to
the disease.

In the opinion of IRRI (1974), in these

varieties sheath blight development will not be severe.
Cultural practices such as burning of infected straw
has been recommended (Valdez, 1955).

Weed control is also

important in controlling this disease.

The fungus often

spreads from susceptible weeds to the rice plants.

Rice

should not be grown in successive years where previous
heavy infections have occurred (Rush, 1972).
The effect of leaving the field uncultivated on the
prevalence of Rhizoctonia solani has been studied.

Chu

(1966) compared cultivated and fallow soil in Hong Kong
with regards to the prevalence of R. solani.

Using cut

lima bean stems as baits, she reported that 41 percent of
the cut bean stems from cultivated soil were colonized by
Rhizoctonia and only 2.7 percent of the stems recovered
from the fallow soil were infected.

A study conducted by

20

Hashiba and Mogi (1973) showed similar results.

The

number of sclerotia of P. sasakii decreased as the time
the field remained uncultivated increased.

The germina

tion of the sclerotia that were recovered was low and the
occurrence of the disease on weeds was very rare.
The lack of commercial varieties resistant to sheath
blight has led some researchers to look for chemicals that
would effectively control the disease.

Abeygunawardena

and De Silva (1964) found that natural infection of C.
sasakii was reduced by organo-arsenic sprays.

An organo-

arsenic compound known as "Mon!f or "Neo-asozin" has been
recommended for the control of sheath blight in Taiwan
(Lo, 1972).

In Japan, application of organo-arsenicals

is extensively practiced to control the yearly outbreak
of sheath blight (Hashioka, 1970).
Chien and Hung (1971) found in field trials that
benlate gave significant control of sheath blight.

The

effectiveness of benlate against R. solani has also been
demonstrated in Thailand (Kanjaipai and Giatgong, 1973).
However, the application of 6. 6 to 13.2 kg benlate per
hectare was still uneconomical for practical use though
the chemical was effective against both the sheath blight
and stem rot diseases (Chien et^ a l . , 1972).
Pommer and Zwick (1974) reported that 3050 F (2-methyl
benzoic acid anilides) showed good results against P.
sasakii.

Valimycin, an antibiotic produced from
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Streptomyces hygroscopicus var. limoneus, has been reported
by Furata et sQ. (1974) to be effective for the control
of sheath blight in rice.
Evaluation of varieties for resistance to sheath
blight -

Various methods have been used to evaluate

varieties and lines for their resistance to sheath blight.
A method described by Chien and Jong (1963) consists
of growing seedlings in short rows in flats and inoculating
the seedlings when they have reached the five-leaf stage.
The seedlings were inoculated at the base with the R.
solani cultured on sterilized straw.

Plants were kept under

high humidity for two days after inoculation.

Disease

readings were taken 8 to 12 days after inoculation by ex
amining infection on individual leaf sheaths.
The seedbox method described by IRRI (1967) is basically
the same as the method described by Chien and Jong (1963).
Seeds were sown in wooden flats and the seedlings were
inoculated when they reached the four to five leaf stage.
Cultures of the fungus on rice straw sections were placed
on the soil surface near the row of seedlings.

The flats

were then placed in a humidity chamber equipped with a
continuous mist blower.

After four days, the flats were

taken out of the humidity chamber and disease readings
were made after allowing one day for the infected leaf
sheaths to dry.

The disease readings were obtained by
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counting the number of killed sheaths.

A disease index

was calculated using the following formula:
No. of leaf sheaths killed
Disease Index

=

X 100.
Total no. of leaf sheaths

A method of testing seedlings for resistance to sheath
blight, patterned after that of a rice blast nursery, has
been described by several authors (Santos, 1970; IRRI, 1971;
Ou, 1972).

It consists of growing the seedlings in short

rows in seedbeds and inoculating them when they are three
weeks old.

Cultures of the fungus growing on rice straw

were placed at the base of each row of the seedlings.
Disease readings were taken two weeks after inoculation.
A disease index was calculated after counting the number
of leaf sheaths infected and the total number of exposed
leaf sheaths on 25 seedlings on each row.
Lindberg (1969), in Louisiana, tested the reaction to
sheath blight of several hundred varieties by planting the
seeds in petri dishes containing soil inoculated with the
fungus.

He based the disease ratings on the extent of

lesion development on the coleoptile and young leaves,
stunting of the shoots and leaves, and the amount of root
development.
Two methods have been described and used in Taiwan
to inoculate plants in field sheath blight nurseries.

The

method described by Chang (1962) consists of inoculating
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the plants at the tillering stage.

Fungus cultures on

rice straw sections previously dipped in 5 percent sucrose
were used as inoculum.

The inoculum was placed between

the tillers just above the water line.

Following heading,

the plants were cut off close to the ground and leaf
sheaths and blades were examined for sheath blight lesions.
A disease index was determined by the formula developed
by Yoshimura (1954):
3 nl / 2 n2 / 1 n3 /0 n4
Disease Index = ------------------------3 N

X 100,

where:
N

- total no. of culms counted

nl - the no. of culms showing lesions on the upper
4 leaf blades and sheaths, including the flag
leaf
n2 - the no. of culms showing lesions on the 3 leaves
and sheaths below the flag leaf
n3 - the no. of culms showing lesions on the 2nd

and

3rd leaves and sheaths below the flag leaf
n4 - no. of healthy culms.
In the method used by Wu (1971), plants in the nursery
were inoculated 30 to 40 days after transplanting by spray
ing the base of each clump of tillers with cultured inoculum
and by distributing diseased culms in the field to increase
the number and uniformity of infection.

Disease readings
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were taken at maturity and a disease index was obtained
using the formula developed by Yoshimura (1954).
At IRRI (1973), plants were inoculated at booting
or flowering stages by placing the fungus, cultured on
rice straw sections, among the tillers.

After inoculation,

the entire hill was wrapped with paper touching the irriga
tion water.

Infection was measured by examining individual

leaf sheaths for lesions and calculating a disease index
based on the number of infected leaf sheaths and total
number of leaf sheaths examined.
Masajo eit al. (1974) reported the procedure used in
Louisiana for evaluating resistance to sheath blight in the
field.

The method consisted of growing the entries in 1.5

m rows and inoculating the plants about 40 days after
seeding.

The inoculum consisted of a culture of R. solani

growing on a sterilized rice grain and hull mixture.

The

entries were visually rated for infection at the hard dough
stage using a scale of 0 to 5 based on severity of
infection.
Seedling reaction to the disease must be correlated
with adult plant reaction for seedling tests to be con
sidered a valid method for screening varieties for resis
tance to sheath blight.

An earlier finding by IRRI (1971),

showed that disease reactions taken on seedlings were
positively correlated with the disease reactions taken in
the field at the booting and flowering stages.

IRRI (1974)
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compared the results from tests using different inoculation
methods including seedling stage inoculation, detached
flag leaf inoculation, and adult plant inoculation.

They

found that while the different methods produced distinct
resistant and susceptible reactions among varieties, the
results did not always agree with each other as there
were always varieties resistant under one method but sus
ceptible by another method.
The nutritional status of R. solani appears to be an
important factor in establishing a successful infection.
In an experiment conducted by Sonku and Kozaka (1957), it
was shown that the virulence of Pellicularia sasakii
mycelium increased with the addition of asparagine to the
growth medium.

Similar results were obtained by Weinhold

et al. (1969) in their work with R. solani in cotton.

The

mean lesion area measured on cotton hypocotyls was 78 ram^
when inoculated with mycelium from a medium with 2 g
asparagine per liter and only 7 mm^ with 0.5 g asparagine
per liter.

There was no difference in growth rate in the

media but hyphal growth into the seedlings and infection
cushion formation were slower with mycelium produced under
low asparagine regime.
Santos (1970) compared the effectiveness of mycelial
discs, sclerotia, and straw inoculum for their ability to
support infection development.

A lower disease index was

obtained from plants inoculated with mycelial discs than
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from plants inoculated with sclerotia or straw inoculum,
which were found to be equally effective.
Mycelial discs or sclerotia were often used as
inoculum in experiments where relatively few plants were
to be inoculated and large amount of inoculum was not
required.

In sheath blight nurseries where a large number

of entries were grown and inoculated, the fungus cultured
on rice straw has been widely used as inoculum (Chang,
1962; IRRI, 1967, 1972).

The use of R. solani cultured on

rice grain as inoculum has been considered more convenient
(IRRI, 1974).

Each invaded grain in the culture serves a

role similar to that of sclerotia.
Varietal resistance to sheath blight - Hashioka (1951)
reported the results of testing 200 rice varieties for
resistance to sheath blight.

In general, Japanese lowland

varieties were found more susceptible than tropical varie
ties.

The japonica varieties of Taiwan and Japan were

among the most susceptible.

The observation that japonica-

type varieties were usually more susceptible to sheath
blight than indica types has also been made by other
researchers (Chien and Jong, 1963; Wu, 1971; Lo, 1972).
Several years of screening for resistance to sheath
blight at IRRI (1967, 1972, 1973, and 1974), involving
large number of entries, has led to the identification of
varieties and lines resistant to the disease.

Examples
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of varieties reportedly found resistant are PTB 18, Ratna,
Carreon, CP-SLO, Mehran, Bahagia, and Kataktara DA-2.
In the United States, the short and medium grain
varieties appear somewhat more resistant than the long
grain varieties (Templeton and Johnston, 1969; Rush et^
a l ., 1973; Templeton e£ a l ^ , 1973).

Arkrose, Gulfrose,

Nortai, Caloro, Nato, Nova 6 6 , and Zenith have been re
ported as moderately resistant while Bluebelle, Dawn,
and Labelle were reported to be very susceptible.
Progress in breeding for varieties resistant to
sheath blight has been hampered by the lack of resistant
varieties for use as parents.

Ou and Jennings (1969) did

not know of any breeding program for resistance to sheath
blight.

Likewise, Toriyama (1972) reported that breeding

for sheath blight resistance has not been started in Japan
because no resistant variety has been found.
No varieties immune or highly resistant to sheath
blight have been found.

However, according to IRRI (1974),

a number of varieties were found to be either resistant
or moderately resistant.
According to Hashioka (1951), the inheritance of
resistance to Corticium sasakii is evidently dominant
based on F 2 segregation.

However, it was not clear

whether resistance was under monogenic or digenic control
due to the variability of symptoms, which made it difficult
to classify F 2 materials.

Chang (1962) reported that

workers in Taiwan obtained 3 : 1 ratios in the F 2
some crosses with resistance being dominant over
susceptibility.

MATERIALS AND METHODS
Evaluation of Varieties and Lines
for Resistance to Sheath Blight
Field disease nurseries - In 1973 and 1974, field
disease nurseries were established to evaluate rice lines
and varieties for their resistance to sheath blight caused
by R. solani.

The seeds for these nurseries were obtained

from the USDA rice breeders from Arkansas, Louisiana, and
Texas.

These nurseries were planted at the Louisiana

State University Rice Experiment Station, Crowley,
Louisiana.

The soil on the rice station is classified as

a Crowley silt loam.

All irrigation water used at the

station is obtained from wells located on the station.
The 1973 nursery consisted of two replications of 980
lines and varieties which were planted on May 23.

Five

grams of seed of each entry were planted, using a push
type hand drop seeder, in single row plots 1.5 m long,
spaced 25.4 cm apart.

The plots were flush irrigated the

day after planting was completed and when necessary during
the next three weeks to keep the plants growing and vigo
rous.

Approximately three weeks after planting, propanil

at the rate of 3.5 to 4.5 kg/ha was applied to control
weeds.

Also the plots were fertilized with 615 kg/ha

of 20-10-10 (N-P2 0 g-K2 0 ) fertilizer.

The plots were then

flooded and a permanent flood of 10 to 15 cm was maintained
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throughout the remainder of the growing season.

On

July 3, 41 days after planting, the nursery was inoculated
with a rice grain-rice hull inoculum to insure a uniform
infection by R. solani.
The rice grain-rice hull inoculum was prepared by
culturing the R. solani fungus, isolate LR 172, on autoclaved rice grain and rice hull medium.

The rice grain

and rice hulls were mixed 1 part rice grain to 2 parts
rice hulls by volume and then placed in 1 -liter flasks
(or larger), filling the flasks about two-thirds full with
the mixture.

Water was then added to the flasks in a

ratio of 1 part water to 2 parts grain-hull mixture on a
volume basis.

The flasks were then plugged for autoclaving.

The cotton plug and the mouth of the flasks were wrapped
with aluminum foil to minimize possible contamination
later.

The flasks were autoclaved for at least 35 minutes

at 121 C and 18 psi.

Larger flasks were autoclaved longer.

The flasks were allowed to cool for several hours before
they were inoculated with plugs from a five-day old culture
of R. solani growing on Potato-Dextrose-Agar (PDA).

Isolate

LR 172 was used in preparing the inocula for all experi
ments.

LR 172 was isolated in 1972 by D r . M. C. Rush, of

the Department of Plant Pathology, Louisiana State
University from infected Vista rice collected from a farm
in Jefferson Davis Parish, Louisiana.

The stock culture

of isolate LR 172 was maintained in test tubes on the rice
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grain-rice hull medium.

Aseptic techniques were observed

in the preparation of the inoculum to minimize contamina
tion.

Immediately after the rice grain-rice hull medium

in the flasks was inoculated, the flasks were shaken to
loosen the medium and to allow for a better contact of the
inoculum plug with the substrate.

Inoculated flasks were

allowed to stand at room temperature for about 10 days or
until the fungus had spread throughout the flasks.

The

inoculum consisting of rice grain-rice hull mixture
thoroughly invaded by the fungus was then taken out of the
flasks and spread thinly over two layers of butcher paper
to air-dry for two to three days.

Lumps that formed dur

ing the drying process were separated and the inoculum
thoroughly mixed.

The grain-hull inoculum was placed in

clean plastic sacks and was brought to the field for
inoculating the nursery.
The single row plots of the sheath blight nursery
were inoculated about 45 days after planting.

Inoculation

was accomplished by distributing the inoculum uniformly
in-between and over the rows at the rate of 25 ml per row.
Approximately 10 days after inoculation most of the plants
showed visible signs of infection.
Three different disease readings were taken on each
plot at about the hard dough stage of growth:

(a) a

visual rating using a scale of 0 to 5, with 5 indicating
severe disease infection,

(b) an estimate of the percentage
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of tissue affected, and (c) the percentage of tillers
infected using a sample of 2 0 tillers per plot.
The 1974 plantings of the sheath blight nursery,
consisting of 806 lines and varieties, were seeded on
two separate dates with one replication at each planting
date.

Two-row plots were used in the 1974 nurseries.

Each plot consisted of two 1.5 m rows spaced 13 cm apart.
The distance between plots was 33 cm.

Ten grams of seed

(5 gm/row) of a variety or line were drill planted in each
plot.

The plots were flush irrigated after planting was

completed and when necessary during the next three weeks
to keep the plants growing.

After spraying with propanil

and prior to applying the permanent flood, the field was
fertilized with 112-58-58 kg/ha (N-P2 O 5 -K2 O ) .

Plants in

the first planting showed slight yellowing about two months
after seeding which was presumed to be due to nitrogen
deficiency.

An additional 9 kg/ha of nitrogen was top-

dressed onto the plots using ammonium sulfate fertilizer.
The second planting received no topdressing.

The second

planting however was treated with 28 kg/ha Furadan (3%
carbofuran) to control rice water weevils.
The 1974 sheath blight nurseries were inoculated
about 45 days after seeding with rice grain-rice hull
inoculum prepared as previously described for the 1973
sheath blight nursery.

Fifty ml of inoculum per plot (25

ml/row) was applied in a manner similar to that used in
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the 1973 nursery.

The method of taking the disease read

ings in the 1974 nurseries was the same as the method used
in the 1973 nursery.
Screening for varietal resistance to sheath blight
in the greenhouse - Greenhouse experiments were conducted
in the Agronomy Department greenhouse on the Baton Rouge
campus of Louisiana State University.

The seedlings were

grown in galvanized iron flats containing a soil mixture
consisting of 2 parts steam-sterilized Olivier silt loam
soil, 1 part washed sand, and 1 part peat moss by volume.
The flats were 51 cm long, 35 cm wide, and 9 cm deep in
the inside dimensions.

Each flat contained approximately

10 kg of the soil mixture when filled to about 1.25 cm

from the top.

The flats containing the soil mixture were

arranged in greenhouse benches lined with polyethylene
sheets to hold water.

The benches were 6.4 m long, 1.2 m

wide, and about 18 cm deep and could hold 30 flats.

Five

rows were marked across each flat and about 1 gram of seeds
of a variety was planted in each row.

For this test each

row represented a plot and each variety was replicated
three times.

After planting, water was introduced into

the bench to soak the soil and a 3.5 cm flood was maintained
on the bottom of the bench to keep the soil in the flats
moist.

One week after germination, the stand of seedlings

was thinned to about 35 to 40 plants per row.

The flats

were flooded to a depth of 1.5 to 2 cm after thinning the
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stand of seedlings.

To allow for better growth of the

seedlings, an 11 -hour light period was provided from 12
40-watt flourescent and 3 200-watt incandescent bulbs
arranged about 1 meter above the bench.

The greenhouse

heater was set to maintain a minimum temperature of 22 C
during cool nights.

The louvers were opened during warm

and sunny days to prevent too much heat from accumulating
inside the greenhouse.

Likewise, the glass roofs of the

greenhouse were periodically sprayed with white wash dur
ing the warm months to partially shade the Inside of the
greenhouse.
Mixed 16-8-8 (N-P2 0 5 -K2 0) fertilizer was applied at
the rate of 16 g per m^ or 2.87 g per flat.

For uniformity

in fertilizer application, the fertilizer was first dis
solved in water and applied in dilute amounts with a
sprinkler can.

Depending on their growth, the seedlings

were usually ready for inoculation about 35 days after
sowing.

Twenty milliliters of grain-hull inoculum was

broadcast uniformly over each row of seedlings.

The rice

grain-rice hull inoculum was prepared as previously des
cribed for field sheath blight nurseries except that the
inoculum used in inoculating seedlings in the greenhouse
was not air-dried and was used soon after taking it out
of the flasks.

A humidity chamber was installed after

inoculating the plants.

The humidity chamber consisted of a wooden frame
covered with a clear 4 mil thick polyethylene sheet.

The

frame was bolted to the sides of the bench and was so
constructed that it could easily be disassembled and re
installed.

The polyethylene sheet was drapped over the

frame and was tacked only at the edges to the sides of
the bench and could easily be removed.
94 cm high and covered the entire bench.

The chamber was
This humidity

chamber was used in all inoculations conducted in the
greenhouse.
During warm and sunny days, small slits or openings
were provided at the edges of the polyethylene sheet to
let the heat building up inside the chamber escape.

The

chamber remained closed during cool days and at night.
Depending on the progress of infection, as indicated by
the resistant and suceptible check varieties, the humidity
chamber was ready to be opened seven to eight days after
inoculation.

The disease readings were taken a day after

opening the humidity chamber when the infected tissues
had dried or wilted.

A visual rating of infection was

made on each row or plot using a scale of 0 to 5, with
5 indicating a severe disease reaction.
A completely randomized design was used in screening
varieties and lines for resistance to sheath blight in
the greenhouse.

Each variety was replicated three times

and each row was a plot.

Since benches held 30 flats

and there were five rows in each flat, 50 entires could
be evaluated in a bench at one time.
Styrofoam cups (355 ml) instead of metal flats were
also tried for growing the seedlings.

The cups were used

only once in the last series of greenhouse tests for
screening varieties and lines for resistance to sheath
blight.
Comparison of Field, Greenhouse, and Laboratory
teethods of Screening for Resistance to
Sheath Blight
Date of planting experiment in the field - This ex
periment was conducted in the field in 1974 using 30
varieties and lines selected from the 1973 sheath blight
nursery.

These varieties were selected because they

appeared to mature more or less at the same time in the
nursery and their reactions to sheath blight covered the
range from resistant to very susceptible.
The entries were planted at three different dates.
The planting dates were May 1, May 16, and June 6 .

The

planting dates were planned to be 15 days apart, however
the field could not be prepared on time for the third
planting because of intermittent rains.

The three plant

ings were located adjacent to each other with only small
levees between them.
apart.

The rows were 1.5 m long and 26 cm

Five grams of seeds were planted in each row.

Each of the plantings followed the randomized complete
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block design with three replications and each row was
considered to be a plot.

Separate randomization schedules

were followed for each replication and planting date.
Prior to introducing the permanent flood, when the
plants were about three weeks old, the field was treated
with propanil at a rate of 4.5 kg/ha to control weeds and
fertilized at the rate of 112-56-56 kg/ha (N-P2 O5 -K 2 O ) .
These treatments were made on the three plantings at the
appropriate times.
All the plots in the three plantings were inoculated
on July 16 by distributing the grain-hull inoculum inbetween and over the rows at the rate of 40 ml per row.
At the time of inoculation, plants were 77, 62, and 41
days old in the first, second, and third planting, respec
tively.

Prior to inoculation, the flood was set at about

10 to 12 cm and this level was maintained throughout the

duration of the experiment.
The following data were recorded:
1.

Number of days from sowing to heading - A plot was
considered headed when about 50 percent of the
tillers had emerged panicles.

2.

Disease ratings taken 16 days after inoculation Based on a visual rating using a scale of 0 to
5, with 5 indicating severe infection.
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3.

Disease ratings taken 25 days after heading Based on a visual rating using a scale of 0 to 5,
with 5 indicating severe infection (taken on the
first and second planting only).

Hurricane Carmen crossed the station on September 8 ,
1974 damaging the plants in the third planting before all
the plots could be rated for infection at the 25-day past
heading period.
Greenhouse test - The 30 varieties and lines, used in
the preceding field experiment conducted in 1974, were
tested for their reaction to
in the spring of 1975.

sheath blight in the greenhouse

The purpose

of the experiment was

to further evaluate the relationship between greenhouse and
field results in replicated tests.

The greenhouse test for

the 30 varieties and lines was conducted following the same
procedures and rating system described earlier for previous
greenhouse tests.

A completely randomized design with

three replications was used in this test.
Laboratory tests - Laboratory tests to measure varietal
reaction to sheath blight were conducted using the same
group of varieties and lines

tested in the field in 1974

and in the greenhouse in the

spring of 1975.

similar methods were tried in the laboratory.

Two rather
Both methods

involved growing the seeds of the test varieties in the
presence of heavy concentrations of R. solani (LR 172)
inoculum.

One method consisted of growing the seeds in
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soil infested with the fungus (Laboratory Test 1).

In

the other test, mycelial suspensions were poured directly
over seeds on sterile soil in petri dishes (Laboratory
Test 2).

The same fungal inoculum was used in both tests.

The fungal inoculum was prepared by growing the
fungus in potato dextrose broth.

The medium was made from

2 0 0 g white potatoes and 20 g dextrose

(d-glucose) per liter.

Three 500-ml flasks were filled with 100 ml of the medium
and were autoclaved for 20 minutes at 120 C and 18 psi.
After cooling, the flasks were seeded with mycelial discs
taken with a flamed No. 3 cork borer from a potato dextrose
agar (PDA) culture of R. solani isolate LR 172.
was placed in each flask.
room temperature.

One disc

Inoculated flasks were kept at

To prevent the fungus from forming

sclerotia, the flasks were shaken periodically starting
about the third day after inoculation.

Mycelial mats were

harvested after eight days of incubation.

The mycelial

mats were washed and rinsed with distilled water to remove
as much of the medium as possible.

After washing, the mats

were chopped and blended in distilled water in a blender
for about 15 to 20 seconds.

Mycelial mats harvested from

three 500-ml flasks were used to inoculate 30 petri dishes.
Laboratory Test 1 - Steam-sterilized Olivier silt
loam soil was used in the test.

The mycelial suspension

was mixed with the soil in a large beaker.

Twenty mill

iliters of inoculated soil was then placed into each sterile
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petri dish.

Control or uninoculated plates were prepared

by mixing distilled water instead of mycelial suspension
with the sterilized soil.

Twenty five seeds of a variety

were then placed into each dish.

The seeds were arranged

in such a way that they were more or less evenly spaced
and spread over the entire surface of the dish.

Each

variety was assigned to one inoculated and one uninoculated
dish in each replication.

About 10 ml distilled water was

added to each dish before putting on the cover.

The petri

dishes were kept at room temperature for nine days before
the seedling reaction was determined.

A visual rating of

0 to 5 was given to each plate based on the degree of in
fection and general stunting of the rice seedlings based
on the comparison of seedlings of each variety in inoculated
and control dishes.

A rating of 0 indicated that the seed

lings were healthy while a rating of 5 indicated severe
infection and stunting.

In addition, an attempt was made

to measure the degree of damage to the seedlings by measur
ing the height of the seedlings in inoculated and unino
culated dishes.

The height of each seedling was measured

excluding the roots and the disintegrating and heavily
diseased portion of the leaf.

The percent reduction in

vigor (height) of each test variety was then calculated
based on the average height of seedlings in inoculated
and uninoculated dishes.
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Laboratory Test 2 - Twenty milliliters of sterilized
soil moistened with distilled water was placed in sterile
petri dishes.

Twenty five seeds of a variety were then

placed at the center of the plate and the mycelial suspen
sion poured over the seeds.

The petri dishes were then

covered and kept at room temperature for eight days before
rating for disease reaction.

The same disease rating scale

as used in Laboratory Test 1 was used for this test.
A randomized complete block design with three repli
cations was used in both laboratory tests.

Due to time

and space limitations, only one replication was run at a
time.
Inoculation Method Experiment
This experiment compared four methods of inoculation
to determine which method is most suitable for use in
screening varieties using the general procedure and rating
system described earlier under the section on screening
for varietal resistance to sheath blight in the greenhouse.
The varieties used in the experiment were Bluebelle,
Caloro, Cl 9901, and Cl 9905.

In previous tests, the

reaction of Bluebelle varied from susceptible to very sus
ceptible while Caloro varied from resistant to moderately
resistant.

Cl 9901 and Cl 9905 were more or less inter

mediate in their reaction to sheath blight.
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The seedlings for the test were grown in the same
manner as previously described.
seedlings in each flat.

There were five rows of

However, in this experiment only

the four inside rows of each flat was planted to the test
varieties.

The outermost row or the row toward the side

of the bench was used as a border row and planted to a
resistant line SSR57/69/362-4.
The methods of inoculation compared were as follows:
Method 1 -

This was the method of inoculation used in the

screening of varieties and lines in the greenhouse where
2 0 ml of the rice grain-hull inoculum was broadcast over

the row of seedlings and the flats remained flooded to a
depth of 1.5 to 2 cm.
Method 2 -

In this method, the inoculum was distributed

at the base of the seedlings using the same kind and amount
of inoculum as in Method 1.

However the flats were not

flooded but instead were only partially submerged during
and after inoculation.

Care was taken that no inoculum

would adhere to the leaf and leaf sheaths of seedlings
during inoculation.
Methods 3 and 4 -

These methods made use of strings

infested with the fungus as inoculum.

The string inoculum

was stretched over the plants in the row to be inoculated.
One string per row was used in Method 3 and two strings
per row in Method 4.
of these methods.

Flats remained flooded under both

The string inoculum was prepared from
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general purpose household cotton string (Lehigh Twine,
Item 616) 5.33 kg strength and weighing approximately 0.29
g per meter.

The string was first cut into 35 cm pieces

and each piece was wound onto a piece of rolled index card
paper.

The strings were then placed in 1-liter flasks

in-between layers of a mixture of rice grain, rice hull,
and ground rice straw.

The ground rice straw was prepared

from Bluebelle rice straw dried in an oven at about 60 C
for four days and ground in small Wiley mill so that it
would pass through a 20-mesh screen.

The inoculum mixture

consisted of 30 percent rice grain, 60 percent rice hull,
and 10 percent ground rice straw by volume.

Enough water

was added to cover the contents of the flasks.
were then plugged and autoclaved for 25 minutes.

The flasks
After

autoclaving, the flasks were opened and the excess liquid
drained off leaving only about 4 cm of water at the bottom
of each flask.

The flasks were again plugged and autoclaved

for another 20 minutes.

The medium was allowed to cool for

several hours before seeding with R. solani isolate LR 172.
The inoculated flasks were kept at room temperature for
eight days.

The strings were separated from the remainder

of the medium just prior to their use as inoculum to keep
them from drying.
This experiment was conducted in a randomized complete
block design with split-plot arrangement of treatments.
The methods of inoculation were assigned to the main plots

and

the varieties to sub-plots.

and

the four rows in a flat planted to the four test

varieties were the sub-plots.

A flat was a main plot

There were seven replications

Inheritance Study
Producing F^

seeds and growing

on the resistance

hybrid plants -

Based

or susceptibility of varieties in the

previous greenhouse tests, selected varieties were hy
bridized in the spring of 1973.

A total of 24 different

crosses were made involving 14 varieties believed to be
potentially suitable for establishing hybrid populations
for this study.

Only one plant of each variety was used

in making the crosses to insure genetic purity in the
parents.

Selfed seeds were also produced and harvested

from each of the parent plants.
The hybrid seeds were planted in July, 1973 after heat
treatment in an oven at 50 C for five days to break dormancy
Seeds were first germinated in petri dishes and the seed
lings were transplanted to metal flats in the greenhouse
when they were about one week old.

Selfed seeds of the

parent plants were planted along with the hybrids for seed
increase and to facilitate the identification of possible
selfed plants among the hybrids.
grown to maturity.

Plants were observed and

The seeds harvested from individual

plants were kept in separate envelopes.

After harvesting

the seeds, the plants were fertilized and maintained as
ratoons to produce more F2 seeds.
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Based on the greenhouse and field screening tests
conducted during the year, it was decided to use four
crosses involving four parental varieties for the inheri
tance study.

The parents were Caloro (Cl 1561-1), Zenith

(Cl 7787), Bluebelle (Cl 9544), and Dawn (Cl 9534).

Caloro

and Zenith were found to be resistant to moderately resis
tant while Dawn and Bluebelle ranged from susceptible to
very susceptible in their reaction to sheath blight.

The

important agronomic traits and grain characteristics of
the parent varieties are summarized below.

Grain

Color

Hull
Pubes
cence

102

Gold

Smoot h

125

109

Straw

Rough

Long

126

109

Gold

Smoot h

Medium

126

122

Straw

Rough

Type

Days
to
Maturity

Bluebelle

Long

113

Caloro

Short

Dawn
Zenith

Variety

Plant
Height
(cm)

The above information was obtained from:

Hull

Rice in the United

States, Varieties and Production. U. S. Dept. Agri. Handb.
289. 1973.
There were six
x

hybrid plants from the Bluebelle

Zenith cross, five from the Dawn x Zenith cross and one

each from the Bluebelle x Caloro cross and Dawn x Caloro
cross.

To have more F 2 seeds from the crosses involving
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Caloro, the single Fj plants were split after harvest and
planted in separate pots to allow more vigorous growth of
the ratoons.
The four crosses were all susceptible x resistant
combinations.

In all crosses, the parents differed markedly

in grain type and some agronomic characteristics making it
easy to separate selfed from hybrid plants.

It was suffi

cient to examine either pubescence, hull color, or grain
size to determine hybrids.
Additional crosses were made in the winter and spring
of 1974 to produce F-^ seeds to be planted concurrently with
the F 2 seeds and seeds of the parent plants for the inheri
tance study.
Test of parents and F^ and F^ plants for resistance
to sheath blight - Parent, F^, and F 2 seeds were planted
in the greenhouse on April 19 for later transplanting to
the field.

Parent and F 2 seeds were planted directly in

flats containing soil, sand, and peat moss mixture.

Seeds

were spaced planted to obtain healthier and more vigorous
seedlings.

For better seed germination, the F^ seeds were

first started in petri dishes in the laboratory before
transplanting the seedlings into flats in the greenhouse.
The hybrid seeds were sown in petri dishes the same day
as the rest of the material.

The variety Zenith was to

be used in border rows in the experiment and was also
grown in flats in the greenhouse.

The Zenith seeds were
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from foundation seed stock from the Rice Experiment Station
at Crowley.

Border rows were considered necessary because

of the nature of the disease, the development of which is
greatly enhanced by high humidity.

Heavy leaf canopy and

slow air movement create a microclimate conducive to the
rapid progress of sheath blight infection.

Zenith has

resistance to sheath blight and is vigorous and rather tall
and leafy making it suitable for border rows in this test.
Three weeks after planting, the flats were removed
from the greenhouse and placed outdoors to allow the seed
lings to receive more sunlight and to harden them for later
transplanting.

As the seedlings tended to lodge, the upper

5 to 10 cm of the leaves were trimmed at the same time they
were moved outdoors.

The flats were kept flooded.

The

seedlings were pulled for transplanting to the field 35
days after sowing.

The seedlings were taken to the Rice

Experiment Station and transplanted the following day.
Care was observed to minimize damage in the pulling and
handling of seedlings.
The seedbed in the experimental field was prepared dry.
The day before transplanting, 112-58-58 kg/ha (N-PgOg-KgO)
of fertilizer was applied with a Gandy fertilizer spreader
to the plot area and worked into the soil with a rototiller.

The plot area was flooded 5 to 8 cm deep before

transplanting.
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The plot area was divided into four blocks with a
different block assigned to each cross combination.

The

size of the blocks differed according to the amount of
materials in a particular cross.

Each block contained the

two parents and the F^ and F 2 plants from a cross.
The Zenith border rows were alternated with rows of
the test materials (test rows) so that each test row had
Zenith on both sides.

Every sixth row was left unplanted

to serve as an alley to give easy access to plants in the
test rows.

The distance between rows was 25.4 cm.

The

seedlings were transplanted 15.2 cm apart in the test rows
and 7.6 cm apart in the borders.

Only one seedling was

planted in each hill in both test and border rows.
Thirty plants of each of the two parents were trans
planted along with the F^ and Fg plants of each cross.
random distribution of

A

, P g , F^, and Fg plants would be

considered ideal, however, to facilitate identification
of the plants and the recording of data, the P^, and P ^
plants were divided into groups of 1 0 , the groups of
parental plants were then interspaced among the F p l a n t s .
F^ seedlings were also transplanted in groups among the
F 2 plants for similar reasons.

parent, F

J.

and F

was as follows:

The total number of

plants planted for each of the crosses
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Number of plants
P1

P2

F1

to

Cross

Bluebelle x Caloro

30

30

12

369

Bluebelle x Zenith

30

30

23

484

Dawn x Caloro

30

30

32

433

Dawn x Zenith

30

30

44

571

A rice water weevil infestation occurred about three
weeks after transplanting, however, the plants quickly
recovered and were soon growing and tillering normally.
No insecticide was applied.
Muskrats damaged some of the experimental plots.
Damage to this experiment was slight and was mostly limited
to the Zenith border rows along the alleys.

Wire fencing

was installed and no further damage from muskrats was
observed.

The few hills in the test rows that sustained

muskrats damage were noted.
The plants were inoculated 37 days after transplant
ing, which was about the maximum tillering stage.

The

plots were inoculated by distributing the grain-hull
inoculum uniformly alongside the test rows as close as
possible to the base of each plant.

Five milliliters of

inoculum was applied to each 30 cm segment of a row.
before inoculation, the water level was established at

Just
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about 12 cm and was maintained at this depth throughout
the duration of the experiment.
Each individual plant in the whole experiment was
identifiable by a row number and by its position within
the row.

Labels identifying every tenth plant in a row

were clipped to tall bamboo stakes for ease in remaining
oriented

j.n the nursery.

The following data were collected from each P ^ ,

,

F j , and F 2 plants in the nursery:
1.

Number of days from sowing to heading - A plant

was considered headed when one-half of its tillers had
emerged panicles.
2.

Height of infection 21 to 25 days after heading -

The average height above the ground of lesions on all
tillers of a plant was determined by the use of a ruler
to measure the height of the infection.

However, each

tiller was not measured individually, the approximate
average height of the infection, taking all tillers into
account, was estimated using the ruler as a guide.
3.

Plant height 21 to 25 days after heading -

Measured from the base to the tip of panicle of the tallest
tiller.
4.

Height of the collar of the flag leaf 21 to 25

days after heading - Measured from the base of the plant.
The degree of infection in the test rows along the
sides of the blocks was lighter than in the inside rows
even in the presence of Zenith border.

Apparently, the
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effect of unplanted sides extended to more than one row.
Hence, the last test rows on the sides and several terminal
hills at the end of the blocks were discarded.

The test

plants were harvested at maturity with the panicles from
each individual F 2 plant kept separate.

All F3 plants

were harvested except from the Bluebelle x Zenith cross
where only 2 0 0 plants chosen at random were harvested.
Seeds from the F^ and parent plants were also saved.
Greenhouse test of F 3 lines for resistance to sheath
blight - F 3 lines from F 2 plants grown in the field test
previously described were tested for resistance to sheath
blight in the greenhouse in the spring of 1975.

Forty

eight randomly selected lines from each cross, except for
the Dawn x Caloro cross were tested.

The test was con

ducted using a completely randomized design with three
replicates.

The parent varieties were included in the test

making the total number of entries 50 for each cross.

The

F3 lines from each of the three crosses were tested at
different times because of space limitations.

The F 3

lines were tested following the same procedure used in
greenhouse testing of varieties and lines for resistance
to sheath blight except that the disease reading was taken
twice.

The lines were rated for infection one day and ten

days after opening the humidity chamber.

The rating was

based on the amount of damage to the plant caused by the
disease, including lesion development and leaf and sheath
tissue killed as an indirect result of lesion development.

Statistical analysis of data from the inheritance
study -

The data from the inheritance study were analyzed

separately by cross combination.

The mean, variance,

standard deviation, and coefficient of variation of the
parent varieties and the F ^ , and F 2 populations were
calculated.
The F 3 data were coded and processed at the Louisiana
State University Computer Research Center through the
Department of Experimental Statistics.

Analyses followed

the model for a completely randomized design with splitplot arrangements of treatments.

The lines were the main

plots and the two dates of disease reading were considered
as sub-plots.
The Fg data were also analyzed by dates following the
model for a completely randomized design.

Heritability,

the ratio of genotypic variability to total or phenotypic
variability, was calculated from the estimates of the
parameters derived from the analysis of variance (Nei,
1960) as follows:

Source of
Variation

Mean
df

Lines

k - 1

Error

k (r - 1)

Expected Mean

Square
MS..

1

MS

Square
V'
©
V ’

A

6

+ r V

g
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where:
k = no. of lines
r = no. of replicates
= environmental variance of plots
Vg = variance due to genetic differences among
the lines
VQ = V '/r
e
e

= environmental variance of line
means.

Heritability in the broad sense on a replicated plot basis
was estimated by:

2

H

=

V
________ g____________ .
V +
g

MS

1

-

V
e

MS
£t

estimates V

and MSg estimates Ve ' .

Heritability was also estimated by parent-offspring
regression.

Percent infection recorded on the Fg parent

plants was first converted to a 0 to 5 scale, similar to
the disease rating used in rating infection of Fg lines in
the greenhouse, before conducting the analysis.

Herita

bility by parent-offspring regression was estimated by:
Cov X Y
Var X
where:
Cov X Y = covariance of Fg plant rating (X) and
Fg line mean disease rating (Y)
Var X = variance of F^ plant ratings (X).

RESULTS AND DISCUSSION
Evaluation of Varieties and Lines for
Resistance to Sheath Blight
Field disease nurseries - The results from the 1973
and 1974 sheath blight nurseries are summarized in Table 1.
The complete results have been reported in two miscellaneous
publications, Rush et^ al. (1973) and Hoff e£ al. (1974).
The level of infection in both the 1973 and 1974 sheath
blight nurseries was adequate to differentiate resistant
and susceptible reactions among the entries.

Infection

was generally established at the lower leaf sheaths and
older leaf blades of the plants by 10 days after inocula
tion.
The results of the 1973 and 1974 sheath blight
nurseries showed that approximately 5 percent of the entries
were resistant.

The distribution of the entries by disease

reaction were similar in both years with the number in the
moderately susceptible class in the majority followed by
the moderately resistant and susceptible classes.

It is

worthwhile to note that although resistant entries were
only about 5 percent of the total, there were quite a few
varieties that were moderately resistant.

In two years of

testing, no line or variety was found to be highly resis
tant or immune to sheath blight infection.
The reaction to sheath blight of local and some
introduced varieties are reported in Table 2.
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The results

Table 1.

Summary of the response of rice varieties to R. solani in the 1973
and 1974 field nurseries.

1973
Disease Rating— ^

1974

No. of2/
Lines

Percent
of Lines

35

3.6

53

6.6

Moderately Resistant (1.51 - 2.25)

298

30.4

186

23.1

Moderately Susceptible (2.26 - 3.25)

380

38.8

373

46.3

Susceptible (3.26 - 4.25)

21 0

21.4

173

21.4

57

5.8

21

2.6

980

100.0

806

100.0

Resistant (0 - 1.50)

Very Susceptible (4.26 - 5.00)
Total

no. ofy
Lines

Percent
of Lines

1/
Based on a scale of 0 to 5 with increasing disease severity.
2/
Based on the mean of all entries and replications evaluated for each line or
variety during the year.
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Table 2.

The reaction of selected named varieties to
R. solani in the 1973 and 1974 nurseries and
the number of days from sowing to heading for
each variety.

Average Disease Rating
1973

19741/

Days to

Mean

Heading-/
70
76
99
99
91

Belle Patna
Bluebelle
Bluebonnet
Bluebonnet 50
Bonnet 73

3.92
4.18

2.62
3.65

3.27
3.92

2.00

2.00

2.00

2.38
2.73

1.92
2.82

2.15
2.78

Brazos
Caloro
Calrose
Cody
Colusa

2.15
2.42
2.63
3.50
3.38

1.80
2.25
2.25
3.00
3.50

1.98
2.34
2.44
3.25
3.44

76

CS-M3
CS-S4
Dawn
SS Dawn
Gopher

2.50
2.50
4.20
4.75

2.75
1.75
3.45
3.50

2.62

85

2 .12

86

3.82
4.12

85
85

2.00

2.00

2.00

88

1.88

2.75
1.75
2.50
1.84
1.50

2.32
1.69
2.50
2.07
1.75

78
95
76
109
97

3 .70

3.87
2.56
4.18

70

2.12

88

2.12

2.08

83

2.25
2.05
3.00
3.25
2.75

2.12
2.10

105
85
81
85

Gulfrose
Hoyoku
I-geo-tze
IR 8
Juma 1

1.63
2.50
2.30

Labe lie
Lacrose
Lebonnet
Magnolia
Nato

4.04
2.25
4.15
1.75
2.05

Nira
Nortai
Northrose
Nova
Nova 66

2.00

2. 0 0

2.15
1.58
1.50
1.94

2.88

4.20
2.50

2.29
2.38
2.34

88

84
79
64

86

76

86
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Table 2. (Cont'd.)

Variety

Average Disease Rat ing

Days to

1973

19741/

Mean

2.00

2.25
3.00

2.12
2.88

83
77

2.00

2.40
1.50
2.76

85
79

1.94
2.96
3.20
2.75
1.46

92
93
93
103
104

N. P. 125
Palmyra
Reimei
Sadri
Saturn

2 .88

1.50
2.65

Sh 30-21
Starbonnet
SS Starbonnet
Sunbonnet
Taducan

2.13
2.91
3.31
2.50
1.42

1.75
3.00
3.08
3.00
1.50

Taichung Native 1
Tainan-Iku 487
Tetep
Toride 1
Toride 2

2.17

2.08
2.75
1.50

1.88

1.88
2 .12

Toro
Vista
Yuang-hsing 1
Yuang-Hsing 2
Zenith

2.00

2.12

2.06

2.09
2.17
2.50
1.64

2.15
1.84

2.12
2.00

2.00
2.21

2.25
1.92

2.75
2.81
1.50

2.00

1.42
1.75

Heading^/

66

2 .12

95

2.38
1.46
1.82

88

2.00

1/
Average of the first and second planting.
2/
Obtained from the nursery planted on May l f 1974.

98
92
90
98
74
93
93
85
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confirmed earlier findings (Templeton and Johnston, 1969;
Templeton et a l ., 1973) that long-grain varieties in the
United States are in general more susceptible to sheath
blight than the medium- or short-grain types.

Medium-

grain varieties commonly grown in Louisiana had mean
disease ratings as follows:
Vista 2.12, and Nova 2.38.

Nato 2.08, Saturn 2.76,
The newly released medium-

grain variety, Brazos, had an average disease rating of
1.98 in two years of testing.

The long-grain varieties

Bluebelle, Dawn, Labelle, and Lebonnet were among the most
susceptible of the entries with average disease ratings
of 3.92, 3.82, 3.87, and 4.18, respectively.

Starbonnet

was moderately susceptible with a mean rating of 2.96.
Labelle and Starbonnet were the leading long-grain varieties
in the United States in the number of acres grown in 1974.
The general trend for long-grain varieties as a group
to be more susceptible to sheath blight than either the
medium- or short-grain varieties could probably be ex
plained by the genetic relationship existing among U. S.
rice varieties since it is rather unlikely that grain
size or shape in itself can influence varietal reaction to
sheath blight.

In general U. S. rice varieties have a

closer relationship among varieties within a grain type
than among varieties belonging to different grain types.
For example, all U. S. commercial long-grain varieties are
related to Rexoro and the majority are also related to
Fortuna.

In the case of medium-grain varieties nearly
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all have Blue Rose in their pedigree while the short-grain
varieties are either related to Caloro or Colusa.
The bulk of the entries tested in the sheath blight
nursery were selections from the Arkansas, Louisiana, and
Texas rice breeding programs.

A number of these lines

were found to exhibit some resistance to sheath blight.
However, it was difficult to ascertain the parent varieties
from which resistance was derived because the pedigrees
were often complex and little or no information was avail
able on the disease reaction of the parents.
Relatively few introduced varieties or lines were
included in the test.

Among the introduced varieties that

exhibited the highest degree of resistance in the field
were Hoyoku, Juma 1, Sadri, Sh 30-21, Taducan, Tetep, and
Toride 1.

The introductions in general showed more re

sistance to sheath blight than local varieties or lines.
There was a significant relationship between the
number of days from sowing to heading (days to heading or
days to head) and disease rating.

Later maturing varieties

appeared to be more resistant to sheath blight than early
maturing varieties.

The correlation coefficient between

days to heading and disease rating for the varieties
listed in Table 2 was -0.450 in the 1973 nursery and -0.475
in 1974.

Both "r" values (n = 50) were highly significant.

A report from Taiwan regarding the association of disease
severity and maturity period showed a similar relation
ship.

Wu (1971) reported a highly significant correlation
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between disease incidence and growth duration (r = 0.513;
n = 20 varieties).

The significant negative correlation

between disease severity and growth duration is further
supported by the report of Singh and Pavgi (1969) that
yield loss due to sheath blight was more severe in early
than in late varieties.
The relationship between disease rating and number
of days to heading found in the named varieties was also
evident among the lines.

Data on mean disease ratings and

mean number of days to heading of selections entered in the
1973 Uniform Performance Tests are summarized in Table 3.
There were 5 groups with 16 entries in each group for a
total of 80 entries.

Grouping was based on grain type

and maturity (Jodon, 1973).

Examination of the mean dis

ease ratings and number of days to heading of the different
groups will show that early maturing varieties tend to be
more susceptible.

The correlation coefficient calculated

between days to heading and disease rating among the 80
entries was -0.438 which was highly significant.

As be

fore the medium-grain selections showed more resistance
than the long-grain selections even for varieties with
similar maturity periods.

These data indicate that sheath

blight is a problem in varieties of both grain types, and
in all maturity groups.

It appears however that resis

tance is most needed in the long-grain varieties parti
cularly in the early to very early maturing varieties.

Table 3.

Mean disease rating and number of days from seeding to heading of
selections in the Uniform Regional Performance Experiment.

Groupl/

Mean Disease
Rat ing^/

Mean Number of
days to head^/

I- Very early long-grain selections

3.53

69

II- Very early medium-grain selections

2.54

75

III- Early medium-grain selections

2.64

80

IV- Early long-grain selections

3.95

75

V- Midseason long-grain selections

2.81

86

1/
Sixteen entries per group.
2/
Disease ratings made in the 1973 sheath blight nursery,
3/
Heading data obtained from the 1973 Uniform Rice Performance Tests.

The negative correlation between number of days to
heading and disease severity presents a problem in identi
fying possible sources of resistance among varieties
differing widely in maturity.

Wu (1971) in Taiwan and

Toriyama (1972) in Japan both believed that the associa
tion between late maturity and resistance to sheath blight
may be due to environmental effects since conditions later
in the growing season become less favorable for sheath
blight development.

This may also be the case in Louisiana

However, the fact that some of the late maturing varieties
may actually carry genes for resistance to sheath blight
cannot be ignored.

Hence, the screening procedure should

be modified to accommodate this possibility.
Screening for varietal resistance to sheath blight
in the greenhouse -

The seedling reactions of varieties

and lines evaluated in the greenhouse are summarized in
Table 4.

The varieties, which include introduced varieties

in general were more resistant than the breeding lines.
Data indicate that 30 percent of the varieties and only
about 4 percent of the lines were either resistant or
moderately resistant.

Data also show that the varieties

exhibited a wider range in reaction to sheath blight than
the lines.
Among the varieties that showed resistance in the
greenhouse were Arkrose, Caloro, Cody, CS-S4, Early Colusa,
Early Prolific, Gulfrose, IR 8 , Jojutla, Nova, Sh30-21,

Table 4.

Summary of seedling reaction of rice varieties and lines to
infection by R. solani.

Lines?/

Varieties?/

Total

Disease rating— ^
No.

Percent

No.

Percent

No.

5

6.3

3

1.6

8

2.94

Moderately resistant (1.51-2.25)

19

24.0

5

2.6

24

8.82

Moderately susceptible (2.26-3.25)

26

32.9

45

23.3

71

26.10

Susceptible (3.26-4.25)

16

20.3

79

40.9

95

34.93

Very susceptible (4.26-5.00)

13

16.5

61

31.6

74

27.21

Total

79

1 00.0

193

100.0

272

100.00

Resistant (0.00-1.50)

Percent

y

Based on a scale of 0 to 5 with increasing disease severity.
2/
Based on the mean of all entries and replications evaluated for each line
or variety.
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Taducan, Taichung Native 1, Zenith, PI 356015, PI 365204,
PI 365206, PI 372970, PI 373039, and PI 373355.

A strain

of red rice known only as "Straw Hull Red" included in one
of the greenhouse tests was also resistant.
The breeding lines that showed resistance in green
house tests and the crosses from which they were derived
were:

R57/69/362-4 (Colusa x CS-M3), Stg 68M3218 (North-

rose x Gulfrose), 68Crll345 (H4 /RRU), Cl 9877 (Cl 9545 x
Nova), 71Cr5093 (Cl 9543 x 13d), 71Cr5142 (SS 7010 x 13d
Ni 4700), 71Cr5126 (13d x PI 215936), and Cl 9917 (Northrose x Palmyra).
The varieties showing resistance in the field and in
greenhouse test were:

Arkrose, CS-S4, Early Colusa, Early

Prolific, IR 8 , Jojutla, Sh30-21, Taducan, Taichung Native
1 , Tetep,

and Zenith.

The introductions PI 356015,

PI 365204, PI 365206, PI 372970, PI 373039, and PI 373355
were found resistant in the greenhouse but due to lack
of seeds were planted only in one replication in the 1974
field nursery but indications were they possess some re
sistance also to sheath blight in the field.
The disease ratings, of 50 varieties, obtained at
the seedling stage in the greenhouse and from mature plants
in the field nurseries are presented in Table 5.

These

data show the relationship between greenhouse and field
results.

The correlation coefficient between the average

field and greenhouse ratings of the varieties listed in
Table 5 was 0.528 and was highly significant.

Results
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Table 5.

Mean response of selected varieties to R. solani
in field nurseries and in the greenhouse and the
number of days from sowing to heading for each
variety.

„ . ^
Variety

Mean disease rating!/
Field Nursery?./

Greenhouse?./

Days to
*
Heading!/

Belle Patna
Bluebelie
Bluebonnet
Bluebonnet 50
Bonnet 73

2.00

2.15
2.78

4.07
4.57
4.17
4.11
3.17

Brazos
Caloro
Calrose
Cody
Colusa

1.98
2.34
2.44
3.25
3.44

3.50
1.92
2.67
1.67
3.17

CS-M 3
CS-S 4
Dawn
SS Dawn
Gopher

2.62

85

2.00

2.50
1.92
4.65
4.83
4.00

Gulfrose
Hoyoku
I-geo-tze
IR 8
Juma 1

2.32
1.69
2.50
2.07
1.75

1.84
2.17
3.83
1.83
3.67

78
95
76
109
97

Labelie
Lacrose
Lebonnet
Magnolia
Nato

3.87
2.56
4.18

4.33
2.67
4.67
4.33
3.25

Nira
Nortai
Northrose
Nova
Nova 66

3,27
3.92

2.12

3.82
4.12

2.12

2.08
2 .12
2.10

2.29
2.38
2.34

2.50
4.42
2.83
1.67
2.67

70
76
99
99
91
76
88

84
79
64
86

85
85
88

70
86

76
88

83
105
85
81
85
86
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Table 5. (Cont'd).

Mean disease> rating!/
Variety
Field Nursery!/

Greenhouse!./

Days to
Heading!./

N. P. 125
Palmyra
Re ime i
Sadri
Saturn

2.40
1.50
2.76

Sh 30-21
Starbonnet
SS Starbonnet
Sunbonnet
Taducan

1.94
2.96
3.20
2.75
1.46

1.67
4.71
5.00
3.67
2 .00

92
93
93
103
104

Taichung Native 1
Tainan-iku 487
Tetep
Toride 1
Toride 2

2.12

2 .00

95

2.38
1.46
1.82

2.50
1.50
3.50
3.17

98
92
90

2.83
3.21
2.50
2.17
2.03

98
74
93
93
85

Toro
Vista
Yuang Hsing 1
Yuang Hsing 2
Zenith

2.12
2 .88

2. 0 0

2.06
2.12
2.00

2.25
1.92

2.50
2.33
3.50
3.00
2.92

1/
Based on a scale of 0 to 5 with increasing disease
severity.

2/
Mean of 1973 and 1974 nurseries,
3/
Mean of replications evaluated for each variety.
4/
Obtained from the nursery planted on May 1, 1974.

83
77
66

85
79

88
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show that some varieties were resistant in the field but
exhibited a susceptible reaction in the seedling test in
the greenhouse.

Santos (1970) reported a somewhat higher

correlation (r = 0.653) between disease ratings of seedlings
and disease ratings of plants at flowering stage.

He used

a group of 60 selected varieties varying in degree of
susceptibility to sheath blight.
The correlation between number of days to heading and
disease rating in field nurseries for the same 50 varieties
listed in Table 5 was -0.494 which was highly significant.
However, when the same number of days to heading was
correlated with the greenhouse rating of the varieties,
the correlation coefficient dropped to -0.214 and was not
significant.

It was mentioned in earlier discussion that

the highly significant negative correlation between disease
rating in the field and number of days to heading may be
due largely to environmental effects since varieties in
the field reach their susceptible stage at different
periods depending on how early or how late the varieties
matured.

Although it is possible for earlier maturing

varieties to escape severe infection, chances are greater
for late maturing varieties to escape.

In the greenhouse,

where all the varieties were tested at the seedling stage
and were under the same environment before and after in
oculation, the effect of time of maturity on disease re
action may have been reduced if not entirely eliminated.
This may explain why the correlation coefficient between
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number of days to heading of the varieties and disease
ratings dropped from a highly significant -0.494 in the
field to a non-significant -0.214 in the greenhouse.
The effects of environmental factors on sheath blight
development and the relationship that exists between stage
of growth and susceptibility are one of the major concerns
in field testing varieties and lines for resistance to
sheath blight.

Because environmental conditions can be

better controlled in the greenhouse, it appears that green
house testing of seedlings would be more suitable than
field testing for large-scale evaluation of breeding lines
with a wide variation in maturity.

Also, the method is

faster and the test is more or less free of the effects
of differences in the environment and differences due to
variation in varietal maturity.

However, field testing

cannot be completely dispensed with, but it can be deferred
until that stage in the breeding program where the number
of lines has been substantially reduced and each line has
a better potential of becoming a new variety.

If only a

limited number of lines are to be tested, the field screen
ing method described in this experiment could be improved
by increased replications and by grouping of entries
according to maturity and having more than one planting
date in a season particularly for late maturing selections.
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Comparison of Field, Greenhouse, and Laboratory
Methods of"Screening for Resistance to
She at h~~Blight
The seeds of the 30 varieties and lines used in these
experiments were harvested from the 1973 sheath blight
nursery.

They were more or less of the same maturity but

their reactions to sheath blight varied, covering the
range from resistant to very susceptible.

The purpose of

selecting varieties and lines with about the same maturity
period was to eliminate or at least minimize variation
due to differences in maturity from the experiments.
Date of planting experiment in the field - The number
of days from seeding to heading of the 30 varieties within
each planting date of this test were similar and the small
variations can be ignored for the purpose of the experi
ment.

Lines within each planting date were practically

all headed within a time interval of 7 days.

The average

number of days from sowing to heading was 82, 77, and 78
days for the varieties planted on May 1, May 16, and June
6 , 1974,

respectively.

The differences in the average

number of days from seeding to heading among planting
dates could be attributed to environmental effects.

When

the plots were inoculated on July 16, the plants were 77,
62, and 41 days old in the first, second, and third plant
ing, respectively.

With regards to stage of growth when

inoculated, plants in the first planting were approximately
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at the heading stage, those in the second planting at
about the booting stage, and those in the third planting
were at the tillering stage.
The first disease readings were taken on all plots
on August 1st, 16 days after inoculation.

The disease

ratings were first analyzed by planting date before being
combined into one analysis of variance (Table 6 ).

Highly

significant differences among the entries were obtained
for each planting date which shows that differences in
varietal reaction to sheath blight could be recognized
16 days after inoculation when inoculating as early as the
tillering stage or as late as the heading stage.
The ability to show differences in reaction among the
varieties is important but this is not a sufficient basis
to consider the inoculation at all three stages of growth
equally efficient in evaluating varieties for resistance
to sheath blight.

Probably the better way of judging the

effectiveness of a particular inoculation would be to de
termine and compare the amount of variation that could be
attributed to the varieties relative to error arising
from inoculation at each of the three stages.

The formula

for the Expected Mean Square (EMS) of a Randomized Complete
Block Design considering the blocks as random and the varie
ties as fixed effects is as follows (Steel and Torrie,
1960):
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Table 6 .

a.

Analyses of variance for disease rating taken
sixteen days after inoculation on three
planting dates.

First planting (inoculated at the heading stage)

Source of
Variat ion

Sum of
Squares

Mean
Square

2

1.017

0.508

2.95ns

Variety

29

31.525

1.087

6.32**

Error

58

9.983

0.172

Total

89

42.525

Replication

df

C.V. (%) = 13.6

Mean = 3.05

F-Value

LSD
.05 = 0.68
.01 = 0.90

b.

Second planting (inoculated at the booting stage)
Sum of
Squares

Mean
Square

2

0.217

0.108

Variety

29

22.292

0.769

Error

58

6.617

0.114

Total

89

29.125

Source of
Variation
Replication

df

C.V. (%) = 12.3

Mean = 2.75

F-Value
<1

6.74**

LSD
.05 = 0.55
.01 = 0.73

c.

Third planting (inoculated at the tillering stage)
Sum of
Squares

Mean
Square

F-Value

2

1.756

0.878

4.67*

Variety

29

17.414

0.600

3.19**

Error

58

10.911

0.188

Total

89

30.081

Source of
Variation
Replication

Mean = 2.23

df

C.V. (%) = 19.5

LSD

•Uv “ U * I1
.01 = 0.94
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Table 6 .
d.

(Cont'd.)

Three plantings combined

Source of
Variation

df

Sum of
Squares

Mean
Square

F-Value

31.28**

Planting^

2

31.163

15.581

Error (a)

6

2.989

0.498

Variety

29

58.671

2.023

12.80**

Variety x
Planting

58

12.559

0.217

1.37nS

Error (b)

174

27.511

0.158

Total

269

132.894

Mean = 2.68

---

C. V. (Variety) = 14.9%
C. V. (Planting) = 26.4%
LSD (Variety)
.05
.01
LSD (Planting)
.05
.01

ns

= 0.37
- 0.49
= 0.26
= 0.39

Non-significant.

*

Significant at the 5% probability level.

**

Significant at the 1 % probability level.

1/
Planting refers more specifically to stage of plant
development at the time of inoculation.
First planting - Inoculated at the heading stage
(77 days after sowing).
Second planting - Inoculated at the booting stage
(62 days after sowing).
Third planting - Inoculated at about the tillering
stage (41 days after sowing).
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ANOV
Mean

Source of
Variation

df

Expected Mean

Square

Square

Replication

r - 1

MS1

2
2
<fe +V f e

Variety

v - 1

ms2

<fe ^ / t - l

ms3

2
(Te

Error

(r-1)(v-1)

2 _

2

rv-1

Total

where:

r = no. of replications or blocks
v = no. of varieties
^

- variance due to blocks
2

<Te
2

I7i

error variance
= variance due to varieties

t-1
If the effects of blocks are excluded, then the amount of
2
variation due to differences among varieties = scri /t-1

2 “ MS3
2 ,
--------- — e s t i m a t e s . /t-1 and MS^estimates
r
Based

on the aboveformula,

it was found

2
®e

that 63.0 percent

of the observed variation in disease reaction 16 days
after inoculation could be attributed to varieties in the
first planting, 65.7 percent to varieties in the second

planting, and only 42.2 percent to varieties in the third
planting.

Comparison of the mean squares for error using

the F-test (58 & 58 df) showed that mean square for error
was significantly larger in the third planting than the
value obtained in the second planting.

However, the dif

ference between the mean square for error in the first and
third planting was not significantly different.

This in

dicates that although inoculations at the three stages
were able to show highly significant differences among
the varieties when rated 16 days after inoculation, the
varietal reaction to sheath blight was not differentiated
as well when inoculated at the tillering stage as when
inoculated at either the booting or heading stage.
The mean disease rating was numerically highest in
the first planting, followed by the second, with the third
planting having the lowest mean rating.

Combined analysis

showed highly significant differences among planting dates
(Table 6d).

The difference between the means of the first

planting and the second planting was not significant.
However, the difference in mean disease rating between the
third planting when compared with the mean of the first
or second planting was highly significant.

This indicates

that inoculating at the tillering stage and taking the
disease rating 16 days later resulted in a low level of
infection in the varieties.

Under this low level of in

fection the reactions of the varieties were not well
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differentiated.

As shown by the individual planting date

analysis of variance, the third planting has the lowest
mean and also the highest mean square for error and the
highest coefficient of variation.
The combined analysis of variance shows a non-signi
ficant variety x planting date interaction.

This indicates

that while plants were more resistant at the tillering than
at booting or heading stages, the relative resistance or
susceptibility among the varieties tended to be similar
at the three growth stages tested.
The second disease reading was made 25 days after
heading on individual plots in the first and second plant
ing only.

The third planting was damaged by a hurricane

before the plots could be evaluated.

The time interval

between the first and second disease readings was about
15 days on the first planting and 25 days on the second
planting for most of the varieties.

As in the previous

analysis, the data were first analyzed by planting date
before being combined into one analysis of variance as
shown in Table 7.
The data show that the mean disease ratings increased
since the time of the first disease reading.

Looking at

Table 7 and referring back to Table 6 will show that the
mean disease rating in the first planting increased from
3.05 when first read to 3.17 25 days after heading and in
the second planting from 2.75 to 3.28.

There was also an

increase in mean square for varieties while the mean square
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Table 7.

a.

Analyses of variance for disease rating taken
25 days after heading on varieties planted on
two dates.

First planting (inoculated at heading stage)

Source of
Variation

Sum of
Squares

Mean
Square

F-Value

2

1.817

0.908

4.86*

Variety

29

63.833

2.201

11.77**

Error

58

10.850

0.187

Total

89

76.500

Replication

df

C.V (%) = 13.7

Mean = 3 . 1 7

LSD
.05 = 0.71
.01 = 0.94

b.

Second planting (inoculated at booting stage)

Sum of
Squares

Mean
Square

2

0.006

0.003

<1

Variety

29

89.056

3.071

15.50**

Error

58

11.494

0.198

Total

89

100.556

Source of
Variation
Replication

Mean = 3 . 2 8

df

C.V. (%) = 13. 6

LSD
.05 = 0.73
.01 = 0.97

F-Value
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Table 7.
c.

(Cont'd.)

Two plantings combined

Source of
Variation

df

Sum of
Squares

Mean
Square

F-Value

Planting

1

0.556

0.556

1 .22ns

Error (a)

4

1.822

0.456

----

Variety

29

145.361

5.012

26.02**

Variety x
Planting

29

7.528

0.260

1.35ns

Error (b)

116

22.344

0.193

Total

179

177.611

Mean = 3.22

C. V. (Planting) = 20.9%
C. V. (Variety)

13.6%

LSD (Planting)
.05 = 0.28
.01 = 0.46
LSD (Variety)
.05 = 0.50
.01 = 0.66

ns

Non-significant.

*

Significant at the 5% probability level.

**

Significant at the 1% probability level.
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for error did not show much change.

It was calculated

that 78.2 percent of the variation in the first planting
could be attributed to differences among the varieties
and 82.8 percent in the second planting.

The increase in

the level of infection 25 days after heading appeared to
have further improved the ability of the tests to differen
tiate the varieties with regards

to their reaction to

sheath blight.
The combined analysis did not show a significant
difference between the means of the two plantings.

This

suggests that if weather conditions are right, inoculat
ing at the heading or booting stage would result in about
the same level of infection if disease readings are taken
25 days after heading.
The results of this test indicate that field plots
for evaluation of varietal resistance to sheath blight can
be effectively inoculated as late as the heading stage and
still obtain a satisfactory level of infection to differ
entiate varietal differences in resistance to sheath
blight.

Observations made 16 days after inoculation

showed that all plots developed a uniform infection
whether inoculated at the tillering, booting, or heading
stages.

However, the disease symptoms increased more

rapidly in plots inoculated at the heading and booting
stages of growth.

Based on these observations as well as

on the results of the 1973 and 1974 sheath blight nurseries,

79

which were inoculated when the majority of the varieties
were at the mid-tillering stage, it appears that the most
effective time to inoculate a sheath blight nursery would
be during the period between the mid-tillering and the boot
ing stage of growth at a time when environmental conditions
are satisfactory for establishment of a sheath blight in
fection.

However, the results of this test show that if a

satisfactory infection is not obtained from the first in
oculation a second inoculation could be made as late as
the heading stage and still be effective.
This test indicates that the ideal growth stage to
rate for varietal resistance to sheath blight, under field
conditions, is at or near the 25th day after heading stage.
Rating at this stage allows for the maximum expression
of the disease symptoms on susceptible varieties and pro
duces the greatest varietal differentiation between re
sistant and susceptible varieties.

It is considered pre

ferable not to rate the varieties later than 25 days after
heading because the possible interaction between disease
symptoms and varietal variation for rates of senescence
may affect the rating after this stage.
Greenhouse test -

The analysis of variance for the

disease rating data on 30 varieties obtained in greenhouse
test is presented in Table 8.

The results in terms of

pertinent statistics like the mean, mean square for
varieties, and mean square for error were typical of those
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Table 8.

Analysis of variance for disease rating of
thirty varieties tested in the greenhouse.

Source of
Variation

df

Sum of
Squares

Mean
Square

Variety

29

86.837

2.994

Error

60

20.458

0.341

Total

89

107.295

Mean = 3.01

C.V. (%) = 19.4

F-Value

8.78**

LSD
.05 = 0.95
.01 = 1.27

** Significant at the 1% probability level.
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obtained in earlier greenhouse tests for reaction of
varieties and lines to sheath blight.

Comparing the

figures in the analysis of variance in Table 8 with those
in Tables 6a and 6b, it appears that the greenhouse test
was comparable, in its ability to detect differences among
the varieties, to field tests where the plants were ino
culated at booting or heading stage with the disease rat
ings made 16 days later.

The mean square for error in

the greenhouse test was larger but this was accompanied
by a larger mean square for varieties also.

However, this

larger mean square for error accounted for the relatively
high coefficient of variation in the greenhouse test.
Hashioka (1951) also reported more distinct differences
in resistance among varieties when the plants were ino
culated at the booting to heading stage than at the seed
ling stage.

The above results indicate that inoculating

at the seedling stage is comparable to inoculating the
plants at the booting or heading stage in the ability to
show differences in resistance among varieties.
The analyses of the disease ratings, from the field
tests, taken 25 days after heading (Tables 7a & b) gave a
lower mean square for error, smaller LSD, and lower coef
ficient of variation than the corresponding values in the
greenhouse test.

The amount of variation that could be

attributed to varieties in the seedling test in the green
house was 72.2 percent compared to 78.2 to 82.8 percent
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for the field tests rated for infection 25 days after
heading.

The correlation coefficient between disease

ratings made at the seedling stage in the greenhouse and
ratings made 25 days after heading in the field was 0.638.
This highly significant correlation indicates that varietal
resistance measured at the seedling stage is comparable to
resistance measured at the mature plant stage.
Laboratory tests - Analysis of variance for data on
the laboratory tests for resistance to sheath blight are
presented in Tables 9 and 10.

Results from both methods

of testing showed highly significant differences among the
varieties.

Lindberg (1969) who had earlier screened rice

varieties for resistance to the sheath blight fungus at
the seedling stage by growing seeds in infected soil also
reported differences in reaction among the varieties he
tested.

However, as Tables 9 and 10 show, both methods of

testing are characterized by a high mean square for error,
large LSD, and a high coefficient of variation compared
with the corresponding field or greenhouse tests.

This

was probably due to the fact that the disease reaction of
8 to 9 day old seedlings in petri dishes was difficult to
classify into the 0 to 5 scale of rating.

Under these con

ditions, experimental error would tend to be large in
comparison to the variation that could be detected due to
differences in reaction among varieties.

It was calculated

that only 42.9 percent of the observed variation was due
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Table 9.

Analysis of variance for sheath blight rating
of thirty varieties tested in the laboratory
(Lab. Test 1)1/
Sum of
Squares

Mean
Square

2

1.022

0.511

1.08ns

Variety

29

44.608

1.538

3.25**

Error

58

27.452

0.473

Total

89

73.083

Source of
Variation
Replication

df

Mean = 2 . 9 6

C. V. (%) = 23.3

F-Value

LSD
.05 = 1.12
.01 = 1.50

ns

Non-significant.

**

Significant at the 1% probability level.

i/

Inoculum mixed with soil before seeding.

Table 10.

Analysis of variance for sheath blight rating
of thirty varieties tested in the laboratory
(Lab. Test 2)1/
Sum of
Squares

Mean
Square

2

0.082

0.041

<1

Variety

29

49.313

1.700

3.28**

Error

58

30.084

0.519

Total

89

79.479

Source of
Variation
Replication

Mean = 2.85

df

C.V. (%) = 25.3

LSD

**

.05 = 1.18
.01 = 1.57
Significant at the 1 % probability level.

1/

Inoculum poured over the seeds.

F-Value
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to differences among varieties in Lab. Test 1 and 43.2
percent in Lab. Test 2.

These are rather low when com

pared to the 72.2 percent obtained in the greenhouse test
and to the 78.2 or 82.8 percent from the field tests
rated for infection 25 days after heading.
The calculation of percent reduction in vigor was
an attempt to quantify varietal reaction of seedlings to
sheath blight.

The data are in percentages hence in a

different scale than the 0 to 5 scale of rating used in
other experiments.

The percent reduction in vigor of

seedlings was determined primarily for correlation analysis.
Nevertheless, an analysis of variance was conducted which
showed highly significant differences among the test
varieties.

The mean, LSD, and coefficient of variation

computed from the reduction in vigor data are shown in
Table 11.
Relationship between field and greenhouse and
laboratory results - One of the objectives in conducting
the above series of experiments was to determine how re
sults of seedling tests in the greenhouse and in the
laboratory would agree with the reaction of mature plants
in the field.

Sheath blight is essentially a disease of

more mature plants and the usefulness of any seedling test
in actual screening for disease resistance depends on how
the results correspond to mature plant reactions.

Table 11.

Cl or
Line No.

Reactions of the thirty varieties to sheath blight under different
methods of testing.

Fieldi/
1973

Field— ^
1974

Greenhouse

_________ Laboratory____________
Test 2
Test 1
Percent
Reduction
in Vigor

Cl
Cl
Cl
Cl
Cl

9942
9872
9905
9935
9540

4.00
4.00
2.75
1.75
2.75

4.50
4.42
2.83
3.17
2.92

4.67
4.67
3.33
2.58
2.50

2.89
3.72
3.78
1.89
2.89

3.11
3.44
2.44
2.17
2.11

31.65
27.14
24.23
19.85
17.63

Cl
Cl
Cl
Cl
Cl

9948
9481
9937
9544
9901

2.75
2.00
2.75
4.50
3.25

2.75
2.33
3.17
4.83
3,67

2.00
2.00
2.67
4.58
3.92

1.78
2.56
2.83
3.28
3.67

2.44
2.67
2.33
3.17
3.00

16.16
15.62
16.15
31.83
22.73

Stg70M5863
Cl 8988
Stg70M6265
Stg71M7714
Stg70M5479

2.25
2.25
4.00
1.75
2.00

2.17
2.83
3.92
2.33
2.67

3.33
2.08
4.33
2.50
1.92

2.50
2.50
3.11
2.33
2.83

3.28
2.67
3.33
2.39
2.17

18.75
20.47
33.09
23.17
16.25

Cl
SS
SS
SS
Cr

1.50
3.50
4.00
4.00
2.00

2.58
4.58
4.25
3.17
2.67

2.17
4.83
3.42
4.92
3.17

3.61
4.44
4.50
3.39
3.56

3.39
4.61
4.44
4.33
3.11

19.12
42.14
42.02
41.41
21.16

9633
Tx-HR-5
Tx 7191
Tx 8171
725040

Table 11. (Cont'd).

Cl or
Line No.

Field*/
1973

Field^/
1974

Green
house

Test 2

Laboratory
Test 1

Percent
Reduction
in Vigor

Cr
72
72
72
72

705012
Cr 5033
Cr 664
Cr 5037
Cr 484

2.25
1.75
2.50
2.75
3.00

3.08
2.67
3.42
2.83
3.00

2.50
1.92
3.17
2.17
2.58

1.89
1.89
3.00
2.72
2.56

3.22
2.22
3.50
2.28
3.00

29.81
20.92
33.01
22.58
29.09

Cl
71
71
SS
68

9805
Cr 3279
Cr 4349
R57/69/362-4
Cr 11345

2.50
3 .50
3.75
1.50
2.25

2.17
4.83
5.00
2.00
1.92

2.58
2.00
3.75
2.42
2.17

2.83
1.61
2.22
2.06
2.61

3.56
2.28
2.33
2.06
3.67

26.04
16.84
19.57
9.53
28.43

2.78

3.22

3.01

2.85

2.96

24.54

Mean
.05

-

0.50

0.95

1.18

1.12

11.51

.01

-

0.66

1.27

1.57

1.50

15.31

C. V. (%)

-

L S D

13.6

19.4

25.3

23 .3

28.7

— Mean disease rating in 1973 sheath blight nursery. Disease rating taken at the
hard dough stage.
2/
— Mean rating of the first and second planting taken 25 days after heading.
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The mean disease ratings of the 30 test varieties
obtained from different tests are summarized in Table 11.
The mean disease ratings of the different varieties in
the 1973 sheath blight nursery are also presented in
Table 11.
Table 12 shows the different correlation coefficients
calculated between field and seedling reactions.

The

correlation coefficients vary in magnitude but are all
positive.

Highly significant correlations were obtained

between seedling reaction in the greenhouse and mature
plant reaction in the field in both 1973 and 1974, the "r"
values being 0.770 and 0.638, respectively.

The relation

ship between laboratory and field results was generally
weak.

Table 12 shows that Lab. Test 1 and Lab. Test 2

results were significantly correlated only with the 1973
field data but not with 1974 data.

A highly significant

correlation was obtained between the reaction of seedlings
in the laboratory measured as percent reduction in vigor
and the 1973 field data, however, the relationship with
the 1974 data was significant but not as strong.
The correlation coefficients reported in Table 12
indicate that testing 35-day old seedlings in the green
house is a better method than the laboratory methods when
compared to field testing.

The laboratory seedling tests

produced highly significant differences among the varieties,
however, the results tended to be more variable and the
correlations with mature plant reaction in the field were
generally poor.

Table 12,

Relationship between mature plant reaction in the field and
seedling reaction in the greenhouse and laboratory among
thirty rice varieties.
Laboratory

Field - 1973

Field
1974

Green
house

Test 1

Test 2

Percent
Reduction
in Vigor

0.826**

0.770**

0.437*

0.420*

0.615**

0.638**

0.241ns

0 ,286ns

0.440*

0.591**

0.607**

0.674**

Field - 1974

----

Greenhouse

----

ns

----

Non-significant.

*

Significant at the 5% probability level.

**

Significant at the 1 % probability level.
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Inoculation Method Experiment
The use of grain-hull inoculum distributed over a
row of seedlings as a method of inoculation has given
satisfactory results.

With this method of inoculation

however, it has been observed that the inoculum falling
into the water and getting submerged is not very effective
in creating infection unlike the inoculum pieces that ad
here or get caught among the leaf blades and leaf sheaths
of seedlings.

Although efforts were made to distribute

the inoculum over the rows as uniformly as possible, the
amount that actually remained on seedlings could not be ac
curately determined or standardized.

Some seedlings in the

row that did not receive the inoculum directly soon became
infected by way of secondary or tertiary infection since
the stand of seedlings was dense and conditions were favor
ably for disease spread.

Whether the spread of infection

in the row can compensate for some lack of uniformity in
the amount of effective inoculum is difficult to assess
but this lack of uniformity in inoculations suggests that
this screening technique could be improved by using other
inoculation methods wherein more control can be exercised
over the amount of effective inoculum remaining on a row
of seedlings.
The analysis of the data from the inoculation method
test showed highly significant differences among inocula
tion methods and among varieties (Table 13).

The method
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Table 13.

Source of
Variation

Analysis of variance for disease rating in
inoculation method experiment.

df

Sum of
Squares

Mean
Square

F-Value

Replication

6

1.566

0.261

Met hod

3

15.801

5.267

18

5.411

0.301

Variety

3

91.771

30.590

81.04**

Method x
Variety

9

13.528

1.503

3.98**

Error (b)

72

27.179

0.377

----

111

155.255

Error (a)

Total

C. V. (Method) = 18.6%
**

Significant at the 1% probability level.

<1
17.52**
----

X

variety interaction was also highly significant which

indicates some differential response of varieties to
inoculation methods.
Comparing the overall effects of the different in
oculation methods, it was found that Method 1, that is
distribution of the grain-hull inoculum over the top of
seedlings, produced about the same mean disease rating
as Method 2, or placing the grain-hull inoculum at the
base of seedlings with the flood below the soil level.
Method 3, a single string type inoculum placed over the
leaves of the seedlings and Method 4, two string inoculum
placed over the leaves of seedlings, gave lower mean
disease ratings than either Method 1 or Method 2.

Method

3 had a lower mean disease rating than Method 4.
The mean of the varieties over all methods could be
ranked from the most susceptible to the most resistant
in the following order:

Variety 1 (Bluebelle), Variety 3

(Cl 9901), Variety 4 (Cl 9905), and Variety 2 (Caloro)
(Table 14).

Table 14 also shows the mean disease rating

of each variety under each method of inoculation.

The

data show that the relative ranking of varieties was the
same under Methods 1, 3 and 4 but in Method 2, Variety 1
received a lower disease rating than either Variety 3 or
Variety 4.

This reversal in relative ranking of varieties

in Method 2 as compared with the rest of the methods was
probably the major cause of the highly significant method
x variety interaction.

Table 14.

Mean disease ratings of the varieties under each method of
inoculation.

Method

Variety

Variety
Method 1

Method 2

Method 3

Method 4

Mean

Var. 1

(Bluebelle)

4.83

3.43

3.26

4.29

3.95

Var. 2

(Caloro)

1.76

1.90

1.12

1.21

1.50

Var. 3

(Cl 9901)

3.71

3.74

2.76

3.24

3.36

Var. 4

(Cl 9905)

2.86

3.93

2.29

2.74

2.95

3.29

3.25

2.36

2.87

2.94

Method ]Mean

LSD (Method)
.05 - 0.31
.01 - 0.42
LSD (Variety)
.05 - 0.33
.01 - 0.43

co
to
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Due to the highly significant method x variety inter
action the effects of inoculation methods were compared
within each variety using orthogonal comparisons (Table
15).

Comparing Methods 1 and 2 with Methods 3 and 4,

highly significant difference was found in Varieties 2,
3, and 4 but the difference in Variety 1 was not signi
ficant.

The grain-hull inoculum on the average resulted

in higher mean ratings than string inoculum in three of
the varieties and it was only in Variety 1 that they did
not differ.

The comparison of Method 1 and Method 2

shows that Method 1 resulted in more severe infection in
Variety 1 but it was Method 2 that resulted in more severe
infection in Variety 4.

No significant difference was

found between these two methods on Varieties 2 and 3.
Comparing Methods 3 and 4 (one vs. two strings), Method 4
gave consistently higher mean ratings but the difference
was significant only in Variety 1.
The data were also analyzed by inoculation methods
(Table 16) to see more or less what would have been the
result had this experiment been conducted using each
method separately on the four test varieties.

Looking at

the mean squares for varieties, values obtained in Method
1 and Method 4 were about twice as large as in Method 2
or Method 3.

On the other hand, the mean square for error

was highest in Method 2, followed by Methods 4, 3, and
least in Method 1.

F-tests showed that the mean squares

for error was significantly lower in Method 1 than in
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Comparison of the different inoculation
methods by variety.

Table 15.

Met hodi/

Variety

F-Value

and M 4

Var. 1

2 ,36ns

It

T1

Var. 2

8.24**

If

t!

Var. 3

9.77**

fl

11

Var. 4

14.39**

M 1 and M 2 V s .

M3

M

2

Var. 1

18.29**

ft

M

2

Var. 2

<1

II

M__2

Var. 3

<1

11

M

2

Var. 4

10.64**

M

4

Var. 1

9.72**

Ml

M3

Vs.

Vs.

11

IT

Var. 2

II

1T

Var. 3

2 .10ns

11

IT

Var. 4

1.90ns

1/
Methods with higher means are underlined,
ns Non-significant.
** Significant at the 1 % probability level.

-<1
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Table 16.

a.

Analyses of variance for disease rating in
method of inoculation experiment (by method).

Method 1

Source of
Variat ion

df

Sum of
Squares

Mean
Square

F-Value

Replication

6

1.084

0.181

1.07ns

Variety

3

35.586

11.862

70.52**

Error

18

3.028

0.168

Total

27

39.699

Mean = 3.29

C.V. (%) = 12.5

LSD
.05 = 0.46
.01 = 0.63

b.

Method 2

Source of
Variation

df

Sum of
Squares

Mean
Square

Replication

6

0.681

0.113

Variety

3

17.785

5.928

Error

18

9.235

0.513

Total

27

27.700

Mean - 3.25

C. V. (%) = 22.0

LSD
.05 = 0.80
.01 = 1.10

F-Value

<1
11.56**
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Table 16.
c.

(Cont'd.)

Method 3

Source of
Variation

df

Sum of
Squares

Mean
Square

Replicat ion

6

1.816

0.303

Variety

3

17.641

5.880

Error

18

6.358

0.353

Total

27

25.816

Mean = 2.36

C.V. (%) = 25.2

F-Value

<1
16.65**

LSD
.05 = 0.67
.01 = 0.91

d.

Method 4

Source of
Variation

df

Sum of
Squares

Mean
Square

F-Value

Replication

6

3.395

0.566

1.19ns

Variety

3

34.287

11.429

24.04**

Error

18

8.559

0.475

Total

27

46.240

Mean = 2.87

C. V. (%) = 24.0

LSD
.05 = 0.77
.01 = 1.06

ns

Non-significant.

**

Significant at the 1% probability level.
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Methods 2 or 4.

No significant differences in mean square

for error were found among Methods 2, 3, and 4.

Using the

formula previously described to calculate the amount of
variation that could be attributed to varieties, it was
found that 90.8, 60.1, 69.1, and 76.7 percent of the
observed variation in Methods 1, 2, 3, and 4 respectively,
could be attributed to differences among the varieties.
Grain-hull inoculum, whether distributed on top of
seedlings or placed at the base, on the average produced
about the same degree of infection.

However, data show

that distributing the grain-hull inoculum on top of seed
lings produced greater differences among the varieties
than by placing it at the base of the plants.

String

inoculum appeared to have worked better with regards to
the ability to differentiate the reactions of the test
varieties than placing the grain-hull inoculum at the base
but not as well as when the grain-hull inoculum was dis
tributed over the top of seedlings.
Strings infested with the fungus were considered for
use as an inoculum because they could easily be standard
ized or controlled not only in amount but also in quality.
For example, larger strings or more strings can be used to
increase the amount of inoculum or the strings may be
soaked in an enriched medium to provide better nutrition
for the fungus.

Furthermore, a string inoculum can easily

be applied since it will not fall off the plants as readily
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as the grain-hull inoculum.

Observations made during the

course of the experiment indicate that the effectiveness
of string inoculum can be improved if the points of contact
between the string and the plants can be increased.
Method 2, in which the grain-hull inoculum was placed
at the base of seedlings, produced a severe infection but
the lesions were concentrated mostly in the leaf sheath
areas.

Under Methods 1, 3, and 4, where the inoculum was

placed or distributed from the top, infection started some
where around the leaf collar or on the blades progressing
downward towards the base.
The rating system used in this study was based on the
general degree of infection as measured by the amount and
size of lesions or degree of blighting of leaf blades and
sheaths of plants in the row and no attempt was made to
rate individual plant or individual leaf sheaths.

The

rating system used may not have been the best for evaluat
ing disease damage when the plants are inoculated by
Method 2 because in that method, the lesion damage pro
gressed up from the bottom rather than down from the top
of the plant.
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Inheritance Study
Bluebelie x Zenith - The distribution of the P i , P 2 ,
Fi, and F 2 plants by percent infection in the cross Bluebelle x Zenith is presented in Table 17.

Percent infection

in this cross was obtained by dividing the average height
of infection or lesion development on the leaf sheaths by
the total plant height measured from the base of the plant
to the panicle tip of the tallest tiller.
Table 17 shows that Bluebelle, the susceptible parent,
averaged 54.07 percent infection with a range from 40 to 65
percent and the resistant parent, Zenith, has an average
of 22.73 percent infection with a range from 15 to 30 per
cent.

The mid-parent average was 38.40 percent.

The

percent infection of 23 Fj plants ranged from 20 to 45 per
cent with a mean of 30.35 percent which was lower than the
average of the two parents.

Twelve of the F-^ plants were

within the range of the resistant parent while 11 plants
had more infection than any plant of the resistant parent.
The mean and distribution of the F^ plants relative to
those of the parents suggest that resistance is partially
dominant over susceptibility.

It was noted that the level

of infection of Bluebelle plants and F^ plants was more
variable than the reaction of Zenith plants.
The frequency distribution of the F£ plants was
continuous with a range from 5 to 65 percent infection.
The Fg population had a mean of 36.04 percent infection.

Table 17.

Distribution of P^, P 2 , Fj, and F 2 plants, by percent sheath blight
infection, of the cross Bluebelle x Zenith.

Parent

Number of plants in each percent infection class

or
Progeny

5

10

15

20

25

30

35

Bluebelle
Zenith

4

*1
F2

3

1

10

40

45

50

55

60

65

2

2

10

6

7

3

39

18

7

2

8

15

3

1

8

3

8

2

1

22

54

57

67

59

42
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Table 17.

(Cont'd.)

Parent
or
Progeny

n

Bluebelle

30

54.07

6.92

12.79

Zenith

30

22.73

3.91

17.21

23

30.35

6.28

20.69

381

36.04

10.86

30.15

*1

F2

X

s

CV
(%)

101
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No F2 plants had a higher percent infection than the most
severely infected plants of Bluebelle.

There were four

plants that appeared to be more resistant than Zenith, the
resistant parent.

The mean of the Fg was lower than the

average of the two parents but higher than the mean of the
Fj.

The mean and distribution of the F 2 plants also in

dicate that resistance to sheath blight is partially domi
nant over susceptibility.
Another possible explanation for the skewed distribu
tion of the F2 population other than dominance is multi
plicative or geometric gene action.

The geometric mean of

the two parents was 35.06 percent which was closer to the
Fj mean than the arithmetic mean and very close to the Fg
mean suggesting multiplicative gene action may be involved
in the inheritance of sheath blight resistance.
The analysis of variance of seedling disease ratings
of Fg lines grown in the greenhouse is shown in Table 18.
The F-test showed highly significant differences among
the Fg lines.

There was a highly significant difference

between the two disease readings taken 10 days apart.

The

line x date interaction was not significant.
The disease ratings of the Fg lines are presented in
Table 19.

Based on the scale of rating described earlier

in Table 4, the 48 lines could be classified into 10
moderately resistant, 28 moderately susceptible, and 10
susceptible.

In this test, the overall average of the
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Table 18.

Analysis of variance for disease rating at the
seedling stage of F3 lines from the cross
Bluebelle x Zenith.

Source of
Variation

df

Sum of
Squares

Mean
Square

F-Value

Line

47

89.305

1.900

2.63**

Error (a)

96

69.312

0.722

----

1

3.668

3.668

40.53**

Line x Date

47

3.520

0.075

<1

Error (b)

96

8.688

0.090

287

174.492

Date

Total

C. V. (Date) = 1 0 .8 %

LSD
Line

,05 = 0.79
.01 = 0.92

Date

.05 = 0.18
.01 = 0.29

C. V. (Line) = 30.4%

**

Significant at the 1% probability level.
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Table 19.

Fg seedling disease ratings and F2 plant
ratings In the cross Bluebelle x Zenith.

Fg line
Fg line ratings
1/

Date 1—

2/
Date 2—

Fg plant
Mean

3/
Rating—

Percent
Infection

3.35
2.65
4.10
2.70
3.80

40
31
50
32
46
34
26
14

2.25

2.85
2.25
1.35
1.85
3.15

2.25
2.25
2.25
2.42
2.33

2.29
2.33
2.33
2.42
2.42

4 .00
3.70
2.15
2.25
3.85

49
45
25
26
47

2 .58
2.33
2.33
2.42
2.50

2.46
2.46
2.54
2.54
2.54

2.55
2.85

10-21
11-10
12-10

2.33
2.58
2.75
2.67
2.58

4.00
2.95

30
34
23
49
35

12-17
9-54
12-48
14-16
9-53

2.67
2.50
2.67
2.92
2.83

2.50
2.75
2.67
2.50
2.83

2.58
2.62
2.67
2.71
2.83

2.25
2.75
3.70
3.00
3.35

26
33
45
36
40

11-11

2.92
3.00
3.08
2.83
3.08

2.75
2.75
2.67
2.92
2.75

2.83
2.88
2.88
2 .88

3 .00
2.95
4.10

2.92

2.00

36
35
24
50
23

3.17
3.33
3.17
3.33
3.33

2.92
2.75
2.92
2.83
2.92

3.04
3.04
3.04
3.08
3.12

4.85
2.35
4.30
2.75
4.10

60
27
53
33
50

1.75
1.75
1.92

15-57
8-35
10-38
8-38
11-36

2.00

13-13
12-13
15-24
11-28
9-28

2.17
2.17
2.58
2.17
2.33

2.17
1.75
2.25
2.17

9-25
10-61
15-8
11-31
11-55

2.33
2.42
2.42
2.42
2.50

10-9
12-52

11-18
13-36
14-18
13-12
8-43
10-8

13-46
13-16
8-25

2.25
2.17
2.17
2.25

2.00

1.92
2.00

1 .88
2. 0 0

2.04
2.08
2.08
2.08
2.17
2.17
2 .21

2.00

2 .10

21

38
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Table 19. (Cont’d.)
F

O

line
F3 line ratings

no.

Date 1— ^

Date 2-/

F 2 plant

Mean

Rating— ^

Percent
Infection

8-58
14-31
15-55
14-27
10-36

3.25
3.17
3.42
3.17
3.50

3.00
3.08
3.08
3.42
3.25

3.12
3.12
3.25
3.29
3.38

3.35
2.75
1.65
3.25
2.55

40
33
18
39
30

9-27
11-25
14-21
10-53
10-59

3.58
3.67
3.75
4.00
4.00

3.25
3 .33
3.42
3.25
3.58

3.42
3.50
3.58
3.62
3.79

3.00
1.55
3.25
3.40
2.85

36
17
39
41
34

8-56
15-34
9-23

3.92
4.00
4.17

3.75
3.75
3.92

3.83
4.04

3.50
2.15
3.40

42
25
41

Total

139.67

128.83

134.25

142.55

1701

Mean

2.91

2.68

2.80

2.97

35

Bluebelle

5.00

5.00

5.00

4.50

54

Zenith

1.83

2 .00

1.92

2.00

22

3.88

1/
F3 rating Date 1: average of three replications rated
one day after removing the humidity chamber from the
seedlings.

2/
Fo rating Date 2: average of three replications rated
10 days after removing the humidity chamber from the
seedlings.
3/
Transformed from percent infection of ? 2 plants rated
in the field about 23 days after heading.
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Bluebelle parent was 5.00 and Zenith 1.92.

No line was

as susceptible as or even approached the level of sus
ceptibility of the susceptible parent, on the other hand,
six Fg lines were about as resistant as the Zenith parent.
This indicates selection for resistance should be possible
in the Fg generation since at least the more resistant
lines could be identified in the Fg generation.
The number of genes segregating for sheath blight
resistance in the cross of Bluebelle x Zenith were estimated
from the apparent frequency of recovery of the recessive
parent phenotype in the Fg progeny.

Fg plants which equal

or exceed the mean percent infection of the susceptible
Bluebelle parent were assumed to represent the genotype of
this parent.

There were 27 Fg

plants out of a total of

381 with a percent infection equal to or higher than the
mean of the Bluebelle parent.

This was a frequency of 1

in 14.1 plants which is close to the 1 in 16 that is ob
tained if two pairs of genes are involved.

Therefore,

this indicates that the difference of 31.34 in percent
infection between the parents is probably controlled by
as few as two pairs of genes.
Data from Fg lines should provide additional infor
mation on the frequency of parental genotype recovery in
the F2 .

The rating of each Fg line was compared with the

rating of the Bluebelle parent to determine the number of
Fg lines that apparently were parent genotype recoveries.
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No F3 lines were recovered that appeared to be homozygous
genotypes similar to the Bluebelle parent.

This does not

necessarily indicate that more than a few genes for re
sistance are involved in the cross since only 48 Fg lines
were tested and a frequency of only 1 in 64 would be ex
pected if three gene pairs were segregating.
Dawn x Zenith -

The percent infection of plants

studied in this cross, as well as in all crosses in which
Caloro was a parent, was obtained by dividing the average
height of infection or lesion development on the leaf
sheaths of all tillers of a plant by the height of the
flag leaf collar of the tallest tiller of the plant.
The distribution of the P^, Pg, F^, and Fg plants by
percent sheath blight infection in the cross Dawn x Zenith
is presented in Table 20.

The average level of infection

of Zenith was 26.53 percent with a range from 15 to 40
percent while Dawn had an average of 75.50 percent with a
range from 60 to 100 percent.

The average of the means of

the two parents was 51.02 percent.

Percent infection in

44 F-^ plants ranged from 20 to 70 percent with an average
of 42.70 percent.

The mean and distribution of the F^

plants relative to the parents indicate that resistance
is partially dominant over susceptibility.
The distribution of the F 2 plants was continuous over
a range of 10 to 95 percent infection.

The mean infection

of the Fg population was 45.64 percent which was lower

Table 20.

Distribution of P^, P2 , F ^ , and F 2 plants, by percent sheath blight
infection, of the cross Dawn x Zenith.
Number of plants in each percent :
infection class

Parent
or
Progeny

10

15

20

25

30

35

40

45

50

55

Dawn
Zenith

3

F1
F2

6

12

7

5

10

2

2

5

6

6

18

18

34

39

60

65

70

75

80

2

5

10

4

1

10

3

85

90

95

100

5

2

1

3

60

7

5

7

5

61

50

46

52

1

26

14

1

1
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Table 20.

(Cont’d.)

Pare nt
or
Progeny

n

Dawn
Zenith
Fi
F2

X

s

CV
(%>

30

75.50

11.45

15.17

30

26.53

7.49

28.22

44

42.70

12.82

30.02

451

45.64

15.12

33.13
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than the average of the two parents.

This is a further

indication that resistance to sheath blight is partially
dominant over susceptibility.

Another possible explanation

for the skewed distribution of the Fg population other than
dominance would be multiplicative or geometric gene action.
The geometric mean of the two parents was 44,75 percent
which was similar to the F-^ and F 2 means suggesting multi
plicative gene action may be involved in the inheritance of
sheath blight resistance.
The analysis of variance for seedling disease ratings
of Fg lines grown in the greenhouse is shown in Table 21.
Highly significant differences were found among the lines.
The difference between rating dates was not significant.
The line x date interaction also was not significant.
Table 22 shows the means of the F 3 lines.

The overall

mean of Zenith in this test was 1.54, placing it in the
moderately resistant class and that of Dawn was 4.75,
placing it in the very susceptible class.

Five of the

48 Fg lines were about as resistant as the Zenith parent
while three of the lines were nearly as susceptible as
Dawn.
The number of genes segregating for sheath blight
resistance in the cross Dawn x Zenith were estimated from
the apparent frequency of recovery of the recessive parent
phenotype in the Fg progeny.

Fg plants which equal or ex

ceed the mean percent infection of the susceptible Dawn

Ill

Table 21.

Analysis of variance for disease rating at
the seedling stage of F 3 lines from the cross
Dawn x Zenith,

Source of
Variation

df

Sum of
Squares

Mean
Square

F-Value

Line

47

158.228

3,367

4.04**

Error (a)

96

80.000

0.833

----

1

0.014

0.014

<1

Line x Date

47

4.424

0.094

<1

Error (b)

96

10.875

0.113

287

253.541

Date

Total

C. V. (Date) = 11.5%
V. c.

LSD
Line

.05 » 0.85
.01 = 0.99

Date

.05 =• 0.21
.01 = 0.33

(Line) = 31.2%

**

Significant at the 1% probability level.
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Table 22.

F 3 seedling disease ratings and F 2 plant
ratings in the cross Dawn x Zenith.

Fg line
no.

Fo line ratings
------ --------------------

F 2 plant
3y

Date 1— ^

Date 2— ^

Mean

Rating—

Percent
Infection

30-15
29-46
29-66
26-59
28-65

1.67
1.67
1.67
2.08
2.08

1.58
1.67
1.75
1.83
1.83

1.62
1.67
1.71
1.96
1.96

2.70
1.95
2.69
3.00
2.95

40
26
39
46
45

27-40
30-21
24-48
28-35
24-61

2.08

2.00

2.00

2.04
2.04

3.50
1.95

2.33
2.33
2.42

2.08
2.08
2.25
2.25

2 .21

2 .20

2.29
2.33

1.85
3.90

56
26
31
24
64

30-20
28-61
24-15
24-56
27-30

2.33
2.33
2.50
2.50
2.58

2.33
2.42
2.33
2.42
2.42

2.33
2.38
2.42
2.46
2 .50

3.05
2.65
2.85
1.25
3.20

47
39
43
13
50

26-6
25-28
27-20
31-28
26-14

2.42
2.58
2.58
2.50
2.50

2.67
2.58
2.58
2.67
2.83

2.54
2.58
2.58
2.58
2.67

3.30
4.10
4.05
2.50
4.20

67
37
70

29-32
25-11
31-33
31-8
25-38

2.83
2.67
3.08
2.92
3.00

2.58
2.83
2.58
2.83
2.83

2.71
2.75
2.83
2.92

1.55
3.05
2.90
1.50
4.20

18
47
44
17
70

29-43
28-46
25-45
27-9
25-59

3.00
3.17
3.00
2.83
2.92

2.83
2.75
3.00
3.17
3.25

2.92
2.96
3 .00
3.00
3.08

3.55
3.80
4.35
4.25
2.45

57
62
73
71
35

27-64
24-8
28-22
30-57
31-44

3.00
3.17
3.25
3.42
3.58

3.25
3.17
3.25
3.25
3.08

3.12
3.17
3.25
3 .33
3.33

3.65
2.90
3 .90
3.80
1.50

59
44
64
62
17

2.88

52
68
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Table 22.

(Cont'd.)

F3 11,16

F3 line ratings

F 2 plant

no.
1/

Date 1—

Date 2-/

Mean

Rating— ^

Percent
Infection

25-10
29-39
29-62
24-70
30-11

3.42
3.25
3.33
3.58
3.50

3.42
3.67
3.58
3.50
3.58

3.42
3.46
3.46
3.54
3.54

3.95
3.55
1.55
2.15
3.15

65
57
18
30
49

26-34
29-27
25-70
27-16
24-54

3.75
3.33
4.08
3.92
4.25

3.58
4.00
3 .42
4.17
4.25

3.67
3.67
3.75
4.04
4.25

2.65
2.70
2.15
2.85
2.70

39
40
30
43
40

25-46
26-42
30-18

4.33
4.42
4.75

4.58
4.50
4.75

4.46
4.46
4.75

3.60
4.50
3.05

58
76
47

Total

140.92

140.25

140.58

143.74

2215

Mean

2.94

2.92

2.93

2.99

46

Dawn

4.83

4.67

4.75

4.50

76

Zenith

1.67

1.42

1.54

2.00

27

1/
F 3 rating Date 1: average of three replications rated
one day after removing the humidity chamber from the
seedlings.
2/
F 3 rating Date 2: average of three replications rated 10
days after removing the humidity chamber from the
seedlings.
3/
Transformed from percent infection of F 2 plants rated in
the field about 23 days after heading.
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parent were assumed to roughly represent the genotype of
this parent.

There were 15 F 2 plants from a total of 451

with a percent infection equal to or higher than the mean
of the Dawn parent.

This was a frequency of 1 in 30 plants

which is between the 1 in 16 expected for two pairs of genes
and the 1 in 64 frequency expected for three pairs of
segregating genes.
Data from Fg lines should provide additional informa
tion on the frequency of parental recovery in the Fg .
The rating of each Fg line was compared with the rating of
the Dawn parent to determine the number of Fg lines that
apparently were parent genotype recoveries.

Out of 48 Fg

lines tested in this cross, 4 appeared to be homozygous
genotypes similar to the Dawn parent.

This was a frequency

of 1 in 12 which is close to the frequency of 1 in 16 ex
pected if two gene pairs are segregating.

The frequency

of apparent genotype recoveries of the Dawn parent in the
Fg progeny suggests that the difference of 48.97 in per
cent infection between the Dawn and Zenith parents is
probably controlled by as few as two pairs of genes.
Blue belle x Caloro Pg, F ^

The distribution of the P-^,

and Fg plants, of the cross Bluebelle x Caloro,

by percent sheath blight infection is shown in Table 23.
Bluebelle, the susceptible parent had a mean of 66.50
percent infection with a range of 45 to 80 percent.
Caloro, the resistant parent, had a mean of 38.50 percent

Table 23.

Distribution of
, P2 , F ^ , and F 2 plants, by percent sheath blight
infection, of the cross Bluebelle x Caloro.

Parent
or
Progeny

Number of plants in each percent infection class
15

20

25

30

35

40

Bluebelle
Caloro
F1
F2

1

8

21

4

12

8

4

4

4

36

48

35

45

50

55

60

65

70

75

80

2

1

1

1

10

6

8

1

5

1

28

24

13

18

9

10

8

2

85

90

95

1

1

1
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Table 23.

(Cont'd.)

Parent
or
Progeny

n

Bluebelle

30

66.50

8.35

12.56

Caloro

30

38.50

5.24

13.62

F1

12

35.25

3.62

10.27

264

43.38

14.80

34.12

F2

X

s

CV
(%)

116

117

with a range of 30 to 50 percent.

The average of the

parent variety means was 52.50 percent.

The percent in

fection of 12 F.^ plants ranged from 30 to 40 percent with
a mean of 35.25 which was slightly lower than the mean of
the resistant parent but all F^ plants were within the
observed range of the resistant parent.

This suggests that

resistance to sheath blight is dominant over susceptibility
in this cross.

The disease symptoms were more variable in

Bluebelle, the susceptible parent variety, than in Caloro,
the resistant parent variety, while the F]^ plants exhibited
comparatively less variation than either of the parents.
The distribution of F 2 plants was continuous over the
range from 15 to 95 percent with a mean of 43.38 percent
infection.
indicate

The mean and distribution of the Fg plants also
that resistance is dominant or partially dominant

over susceptibility.

The mean of the Fg was lower than the

average of the parents and close to the average of the
resistant parent.

Infection in 114 plants, from the total

of 264 Fg plants, was lower than the mean level of infec
tion of Caloro, the resistant parent, while only 30 Fg
plants had a level of infection equal to or more severe
than the average of the susceptible parent.

Data strongly

suggest that resistance is dominant but the variability
of symptoms in the parents and the relatively few F^
plants tested make it difficult to ascertain whether
dominance is complete.

Another possible explanation for
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the skewed distribution of the Fg population in addition
to dominance would be multiplicative or geometric gene
action.

The geometric mean of the two parents was 50.60

percent, only slightly lower than the arithmetic mean of
the two parents suggesting that multiplicative gene action
does not appear to be the cause of the skewed distribution
of the Fg population.
The analysis of variance for seedling disease ratings
of F 3 lines grown in the greenhouse is shown in Table 24.
Results show highly significant differences among the lines.
No significant difference was found between the dates of
reading and the line x date interaction also was not signi
ficant .
The disease ratings of F 3 lines are shown in Table 25.
Based on the scale of rating described earlier in Table 4,
no line was found that was considered to be resistant,
however, 9 lines appeared to be moderately resistant, 20
of the lines were moderately susceptible, 16 were sus
ceptible, and only 3 out of the 48 lines could be classi
fied as very susceptible.

The overall average of Caloro

in this test was 1.21 while Bluebelle, the susceptible
parent, had an overall average of 5.00.

Only six of the

Fg lines were considered to have a similar level of re
sistance as the resistant Caloro parent.
The number of genes segregating for sheath blight
resistance in the cross Bluebelle x Caloro were estimated
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Table 24.

Analysis of variance for disease rating at the
seedling stage of F3 lines from the cross
Bluebelle x Caloro.

Source of
Variation

df

Sum of
Squares

Mean
Square

F-Value

Line

47

169.922

3.615

7. 1 2 **

Error (a)

96

48.750

0.508

1

0.136

0.136

2 .llns

Line X Date

47

3.541

0.075

1.17ns

Error (b)

96

6.167

0.064

287

228.515

Date

Total

C. V. (Date) - 8.5%

LSD
Line

.05 = 0.66
.01 = 0.77

Date

.05 = 0.16
.01 = 0.25

C. V. (Line) = 24.0%

ns
Non-significant.
Significant at the 1% probability level.
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Table 25

F 3 seedling disease ratings and Fg plant
ratings in the cross Bluebelle x Caloro.

F 3 line
F3 line ratings

no.

Date li/

Date 2— ^

F 2 plant

Mean

Rating— ^

4-34
3-54
6-14

1.33
1.83
1.83

1.75
1.50
1.83

1.54
1.67
1.83

6-12

2.00

2.00

2.0 0

4-42

1.92

2.17

2.04

6-13
4-57
5-39
6-37
5-60

2.17
2.17
2.08
2.08
2.42

2.00

2.08
2.17

3-36
4-17
3-56
2-54
2-23

2.33
2.33
2.33
2 .58
2.50

2.33
2.33
2.42
2.42
2.67

2.33
2.33
2.38
2.50
2.58

1.90
2.60
1.20

49
27
37
45
29

5-55
6-35
7-22
7-31
7-39

2.42
2.67
2.33
2.67
2.67

2.75
2.50
2.83
2.58
2.58

2.58
2.58
2.58
2.62
2.62

1.65
2.75
1.70
3.90
1.65

34
47
35
60
34

6-16
6-52
7-26
3-30
3-22

2.67
2.58
2.83
2.67
2.83

2.67
2.75
2.50
2.92
2.83

2.67
2.67
2.67
2.79
2.83

2-61
7-57
4-46
3-62
7-46

3.00
3 .17
3 .08
3.00
3.33

2.92
3.00
3.25
3.42
3.17

2.96
3.08
3.17
3.21
3.25

3 .55
2.95
3.50
4.40

4-20
5-56
4-50
4-61
5-16

3.33
3.17
3.42
3.33
3.42

3.25
3.50
3.42
3.50
3.50

3.29
3.33
3.42
3.42
3.46

3.40

2.17
2.33
2.42
2.17

2.21

2.25
2.29

2.75

Percent
Infection

1.00

2.15
1.85
1.65
1.60
5.00
1.70
1.55
1.00

2.95
1.00

47
18
40
37
34
31
76
35
33
23

1.70

35

1.00

20

4.00
4.00
4.55

61

1.00

1.00

4.10
2.40
2.25

61
67
56
49
55
65
27
54
25
62
43
41
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Table 25. (Cont'd.)
F

line
F3

no,

Date 1-/

F

line ratings
2/
Date 2-

Mean

2

3/
Rating—

plant
Percent
Infection

3-39

3.42
3.67
3.42
3.58
3.50

3.50
3.25
3.67
3.50
3.75

3.46
3.46
3.54
3.54
3.62

3.05
1.65
1.80
1.80
1.20

50
34
36
36
29

7-62
5-12
2-59
5-21
5-57

3.75
3.75
3.75
3.92
4.17

3.50
3.58
4.08
4.00
4 .00

3.62
3.67
3.92
3.96
4.08

2.25
2.30
1.10
3.05
1.00

41
42
28
50
21

2-38
2-46
3-17

4.33
4.75
4.92

4.75
4.58
5.00

4.54
4.67
4.96

5.00
4.90
5.00

83
71
76

141.42

143.50

142.46

119.45

2089

Mean

2.95

2.99

2.97

2.49

44

Bluebelle

5.00

5.00

5.00

4.50

66

Caloro

1.42

1.00

1.21

2.00

38

5-44
6-22
7-21
7-53

Total

1/
Fg rating Date 1: average of three replications rated
one day after removing the humidity chamber from the
seedlings.

2/
F 3 rating Date 2: average of three replications rated
10 days after removing the humidity chamber from the
seedlings.
3/
Transformed from percent infection of Fg plants rated
in the field about 23 days after heading.
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from the apparent frequency of recovery of the recessive
parent phenotype in the F2 progeny.

F 2 plants which equal

or exceed the mean percent infection of the susceptible
Bluebelle parent were assumed to represent the genotype of
this parent.

There were 23 F 2 plants from a total of 264

with a percent infection equal to or higher than the mean
of the Bluebelle parent.

This was a frequency of 1 in

11.5 plants which is close to the 1 in 16 that would be
expected if two pairs of genes are involved.
Data from Fg lines should provide additional informa
tion on the frequency of parental genotype recovery in the
F2 .

The rating of each Fg line was compared with the

rating of the Bluebelle parent to determine the number of
Fg lines that apparently were parent genotype recoveries.
From 48 Fg lines tested in this cross 3 appeared to be
homozygous genotypes similar to Bluebelle.

This was a fre

quency of 1 in 16 which is the frequency expected if two
pairs of genes are segregating.

The frequency of apparent

genotype recoveries of the Bluebelle parent in the F 2
progeny suggests that the difference of 28.0 in percent
infection between the Bluebelle and Caloro parents is
probably controlled by as few as two pairs of genes.
Dawn x Caloro -

The distribution of the P^, P g , F^,

and Fg plants by percent sheath blight infection in the
cross Dawn x Caloro is shown in Table 26.

The level of

infection in Dawn plants ranged from 70 to 95 percent with

Table 26.

Parent
or
Progeny

Distribution of P^, P2 , F^, and F 2 plants, by percent sheath blight
infection, of the cross Dawn x Caloro.
Number of plants in each percent infection class
10

15

20

25

30

35

40

45

50

55

60

65

Dawn
Caloro

3

7

Fi
F2

1

1

8

19

31

8

11

1

4

9

9

8

2

31

40

39

42

27

35

70

75

80

85

90

95

2

6

13

7

1

1

18

11

2
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Table 26.

(Cont’d.)

Parent
or
Progeny

n

Dawn

30

79.87

4.98

6.24

Caloro

30

39.70

5.33

13.43

32

49.22

5.55

11.27

305

50.25

13.16

26.19

F i

F 2

X

s

CV
(%)

124

125

a mean of 79.87 percent.

In Caloro, infection ranged from

30 to 50 percent with a mean of 39.70 percent.
of the two parents was 59.78 percent infection.

The average
The percent

infection of 32 F^ plants ranged from 40 to 60 percent with
a mean of 49.22 percent which was lower than the average
of the parents which indicates that resistance is partially
dominant over susceptibility.

The distribution of the Fg

plants was continuous over a range of 10 to 80 percent
with a mean of 50.25 percent infection.

The distribution

of the F2 plants indicates that resistance is partially
dominant .
The number of genes segregating for sheath blight
resistance in the cross of Dawn x Caloro was estimated
from the apparent frequency of recovery of the recessive
parent phenotype in the F2 progeny.

F 2 plants which equal

or exceed the mean percent infection of the susceptible
Dawn parent were assumed to represent the genotype of this
parent.

There were two plants from a total of 305 with a

percent infection equal to or higher than the mean of the
Dawn parent.

This was a frequency of 1 in 152 which is

between the 1 in 64 frequency expected with three gene
pairs segregating and the 1 in 256 expected from four
segregating gene pairs.

This suggests that the difference

of 40.17 in percent infection between the Dawn and Caloro
parents is controlled by three or four gene pairs.

This how

ever, may be an overestimation since many of the F2 plants
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from this cross were late in maturity and may have escaped
the disease infection due to the unfavorable environmental
condition for disease development late in the growing
season.

No F3 lines were tested from this cross.

Heritability - Heritability estimates in the broad
sense were obtained from the variances of the F 2 progeny.
By subtracting the average of the variances of the parents
and the F^ from the Fg variance an estimate of genetic
variation in the Fg was obtained.

For this to be a valid

estimate of the genetic variance of the Fg population it
must be assumed that the effects of the environment are
the same for the parents, F-^, and F g .

Heritability is the

proportion of the variation in phenotypic expression that
is due to genetic effects.
Broad sense heritability estimates for the F2 progeny
of the crosses Bluebelle x Caloro and Dawn x Caloro were
83.20 percent and 83.83 percent, respectively.

These

estimates of the genetic variance are not considered valid
however, because the environmental condition affecting
disease development in the Fg was quite different from the
environmental conditions of the parents and the F-^.

The

difference in environmental conditions of the F 2 was due
to the large amount of variation in heading date among the
Fg plants compared t'o the parent and F^ plants.

In the

cross Bluebelle x Caloro the days to heading of the Blue
belle parent ranged from 99 to 103 days and that of the
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Caloro parent from 100 to 103 days.
of the

The days to heading

plants ranged from 111 to 114 days while the days

to heading of F 2 plants ranged from 87 to 128 days.

In the

Dawn X Caloro cross the days to heading of the Dawn parent
ranged from 95 to 98 days and the Caloro parent from 100
to 102 days.

The days to heading of the F^ plants ranged

from 104 to 106 days while the days to heading of the Fg
plants ranged from 87 to 128 days.

A few Fg plants of both

the Bluebelle x Caloro and Dawn x Caloro crosses headed
later than 128 days, however plants heading after 128 days
were not rated for disease infection because hurricane
Carmen severely damaged the nursery before these plants
could be evaluated.
The broad sense heritability estimates for the crosses
Bluebelle x Zenith and Dawn x

Zenith were 71.05 percent

and

48.75 percent, respectively.

The variation in headingdate

in these crosses was considerably less than in the crosses
with Caloro.

In the cross Bluebelle x Zenith, the days to

heading of Bluebelle ranged from 99 to 103 days and that
of Zenith from 96 to 98 days.

The days to heading of the

Fj ranged from 96 to 100 days while the days to heading of
the F 2 ranged from 91 to 104 days.

In the cross Dawn x

Zenith the days to heading of Dawn ranged from 96 to 98
days and that of Zenith from 97 to 102 days.
heading of the F^ ranged from

The days to

94 to 96 days and the F2

from 93 to 102 days.

J
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The correlation between days to heading and sheath
blight infection was discussed previously in connection
with the screening of varieties for resistance to sheath
blight.

Data from the Fg progenies for this inheritance

study also showed a negative correlation between number of
days to heading and severity of sheath blight infection.
Table 27 shows the extent of this relationship in the four
Fg populations studied.

The correlation coefficients were

all negative and highly significant.

The correlations

were high in the crosses with Caloro where the heading
date of the Fg covered a range of over 41 days.

Since the

range in heading date of the Fg progeny of crosses with
Zenith was only 13 days or less, it would appear that the
broad sense estimates of heritability in these crosses
should be relatively valid.

These results suggest that

approximately 30 to 50 percent of the observed variation
in sheath blight infection of individual F 2 plants was
caused by environmental effects.
Heritability estimates were also obtained from the
regression of F 3 line ratings on the Fg plant ratings.
Fg plant ratings were calculated by transforming the per
cent sheath blight infection of each Fg plant into a
numerical 0 to 5 rating to correspond with the 0 to 5
rating used to rate the F 3 lines.

The percent infection

ratings were transformed into the 0 to 5 rating by the
use of a graph with the vertical axis representing the
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Table 27.

Relationship between number of days to
heading and percent infection in the four
F2 populations.

Cross

Number of plants

r-value

Bluebelle x Caloro

264

-0.665**

Dawn x Caloro

305

-0.420**

Bluebelle x Zenith

381

-0.244**

Dawn x Zenith

451

-0.203**

Significant at the 1% probability level.
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percent infection and the horizontal axis representing
the 0 to 5 scale.

The means of the parent varieties were

plotted on the graph and a line was drawn between the two
points on the graph representing the parental averages.
The percent infection of the F 2 plants of each cross were
then converted to a 0 to 5 rating by finding the particular
percentage point on this line and dropping from this point
on the line to the horizontal axis of the graph to obtain
the corresponding rating on the 0 to 5 scale.

A separate

graph was calculated for each cross using the average in
fection for the parents in that cross.

The parental ratings

on the 0 to 5 scale were placed at 2.0 for Zenith and
Caloro and at 4.5 for Bluebelle and Dawn.

These ratings

were considered to represent the average rating usually
obtained when rating these varieties at the seedling stage
in the greenhouse.

The regression calculations were made

using the F 3 data from the readings made 10 days after the
plants were removed from the humidity chamber.

The herit

ability values obtained from the regression of F^ line
seedling disease ratings on the F 2 plant ratings calculated
from the percent infection of mature plants were low.
The F

line ratings
3
from the crosses Bluebelle x Zenith, Dawn x Zenith, and
£

plant ratings and the corresponding F

Bluebelle x Caloro are shown in Tables 19, 22, and 25,
respectively.

The heritability values obtained by re

gression of F 3 line means on F 2 plant ratings for the crosses

131

listed above were 3.6 percent, 17.6 percent, and 20.1
percent, respectively.

These low estimates of heritability

based on regression show the poor agreement between the
Fg plant rating and the mean disease rating of Fg lines.
This indicates that the expression of symptoms among the
F2 plants in the field was very much influenced by the
environment.

This is supported by the considerable varia

bility exhibited by the genetically uniform parent variety
populations.

The modifying effect of the environment on

disease reaction of single F 2 plants was probably the major
cause of the poor relationship between Fg plant ratings and
the Fg line ratings.

Based on the these results it appears

that selection for sheath blight resistance based on the
disease reaction of single plants would not be very effec
tive .
Using the analysis of variance method, broad sense
heritability estimates were obtained from F 3 line seedling
disease ratings.

Broad sense heritability estimates from

Fg lines of the crosses Bluebelle x Caloro, Dawn x Zenith,
and Bluebelle x Zenith were 86,3 percent, 73.4 percent,
and 62.6 percent, respectively.

These heritability esti

mates were based on F 3 line means from data obtained from
the second reading date.

These relatively high heritability

estimates show that a large portion of the observed varia
tion among F 3 lines could be attributed to genetic diffe
rences.

Therefore evaluation of Fg lines in the greenhouse
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to identify the more resistant lines should be a means
of increasing efficiency of a breeding program for sheath
blight resistant varieties.
The effect of a 1 0 -day delay in reading on seedling
disease ratings -

Most of the previous ratings of sheath

blight infection of seedlings were made within one or two
days after the humidity chamber was removed from the seedl
ings.

However it could be difficult at times to always

read the seedling infection on a specified date.

Also,

there appeared to be the possibility that allowing addi
tional time for damaged tissue to die might actually in
crease the effectiveness of the readings.

Therefore the

F 3 lines were rated on two dates, one day and 10 days after
removing the humidity chamber from the seedlings, to deter
mine if delaying the reading of disease infection would
improve or decrease the effectiveness of the disease rat
ings.

The analyses of variance by rating date for the

three Fg line populations studied are presented in Tables
28, 29, and 30.

Comparing the results for Date 1 with

those from Date 2 for all three populations studied show
that the two dates have similar mean squares.

The coef

ficients of variation in Date 2 is smaller than in Date
1 from the Bluebelle x Caloro and Bluebelle x Zenith re

sults and the coefficient of variation of Date 2 is
slightly larger than that of Date 1 in the Dawn x Zenith
results.

Also, the line x date interactions reported
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Table 28.

a.

Analyses of variance (by date) for seedling
disease rating of F 3 lines from the cross
Bluebelle x Zenith. 1/

Date 1

Source of
Variation

df

Sum of
Squares

Line

47

Error
Total

Mean
Square

F-Value

49.618

1.056

2.25**

96

44.958

0.468

143

94.576

Uean = 2.91

C. V. (%) = 23.5

LSD
.05 = 0.90
.01 = 1.04

b.

Date 2

Source of
Variation

df

Sum of
Squares

Mean
Square

F-Value

Line

47

43.207

0.919

2.91**

Error

96

33.042

0.344

Total

143

76.248

Mean = 2.68

C. V. (%) = 2 1 . 9

LSD
.05 = 0.77
.01 = 0.90

**

Significant at the 1 % probability level.
1/
Date 1:
Date 2:

Disease ratings taken one day after removing
the humidity chamber from the seedlings.
Disease ratings taken 10 days after removing
the humidity chamber from the seedlings.
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Table 29.

a.

Analyses of variance (by date) for seedling
disease rating of F 3 lines from the cross
Dawn x Zenith.!/

Date 1

Source of
Variation

df

Sxim of
Squares

Line

47

Error
Total

Mean
Square

F-Value

76.468

1.627

3.55**

96

44.000

0.458

143

120.468
C. V. (%) = 23.1

Mean = 2.94

LSD
.05 = 0.89
.01 = 1.03

b.

Date 2

Source of
Variation

df

Sum of
Squares

Line

47

Error
Total
Mean = 2.92

Mean
Square

F-Value

86.184

1.834

3.76**

96

46.875

0.488

143

133.059
C. V. (%) = 2 3 . 9

LSD
.05 = 0.92
.01 = 1.07

**
Significant at the 1 % probability level.
1/
Date 1: Disease ratings taken one day after removing
the humidity chamber from the seedlings.
Date 2: Disease ratings taken 10 days after removing
the humidity chamber from the seedlings.
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Table 30.

Analyses of variance (by date) for seedling
disease rating of F 3 lines from the cross
Bluebelle x Caloro.-l/

a.

Date 1

Source of
Variation

df

Sum of
Squares

Line

47

Error
Total

Mean
Square

F-Value

86.395

1.838

5.76**

96

30.625

0.319

143

117.020

Mean = 2.95

C. V. (%) = 19.2

LSD
.05 = 0.74
.01 = 0.86

b.

Date 2
Mean
Square

F-Value

87.068

1.852

7.32**

96

24.292

0.253

143

111.359

Source of
Variation

df

Sum of
Squares

Line

47

Error
Total
Mean = 2.99

C. V. (%) = 1 6 . 8

LSD
.05 = 0.66
.01 = 0.77

**
Significant at the 1 % probability level.
1/
Date 1:
Date 2:

Disease ratings taken one day after removing
the humidity chamber from the seedlings.
Disease ratings taken 10 days after removing
the humidity chamber from the seedlings.

136

in Tables 18, 21, and 24 were not significant in any of
the F 3 tests.

These results show that the ratings obtained

one and 10 days after removing the humidity chamber from
the plants were comparable and the ratings on these two
dates were able to differentiate resistant and susceptible
lines on a strictly comparable basis.

Broad sense herit

ability estimates calculated from the data from Date 1 were
82.6 percent, 71.8 percent, and 55.6 percent and from Date
2 were 86.3 percent, 73.4 percent, and 62.6 percent.

This

shows that the ratings made 10 days after removing the
humidity chamber had a somewhat lower variance component
attributable to environment.

The information obtained from

the ratings made 10 days apart indicate that satisfactory
readings apparently could be made anytime from one to 10
days after removing the humidity chamber from the seedlings.
Implication of this inheritance study for selection
and breeding of resistant varieties - The quantitative
nature of the inheritance of sheath blight resistance and
the low heritability of the disease reaction of individual
plants suggest that individual plant selection for sheath
blight resistance would not be a very effective or effi
cient method of breeding for sheath blight resistant var
ieties.

However if, as the results of this study seem to

indicate, sheath blight resistance is controlled by as
few as two or three gene pairs, early generation testing
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and selection of resistant lines should increase the
efficiency and effectiveness of a breeding program.

The

results from the Fg seedling tests in the greenhouse suggest
early generation testing for sheath blight resistance could
be effectively conducted as early as the Fg generation.

SUMMARY
More than 1200 rice varieties and lines were evaluated
in the field for resistance to sheath blight caused by
Thanatephorus cucumeris (Rhizoctonia
1973 and 1974 seasons.

solani) during the

About 5% of the varieties tested

showed resistant reactions, 27% were moderately resistant,
42% moderately susceptible, and the rest were either sus
ceptible or very susceptible.

The varieties Hoyoku, Juma 1,

Sadri, Sh 30-21, Taducan, and Toride 1 were among those
that exhibited the highest level of resistance.

No variety

was found to be highly resistant or immune to sheath
blight.
Among the rice varieties of the United States, the
long-grain types in general were more susceptible to sheath
blight than the medium- or short-grain types.

The intro

duced varieties as a group appeared to be more resistant
to sheath blight than local varieties.
In both test years, a highly significant negative
correlation was found between disease severity and number
of days from seeding to heading in a sample of 50 varieties.
The association between disease severity and days to head
ing may be largely due to environmental changes such as
less rainfall and cooler weather late in the season.
This would make it difficult to ascertain heritable dif
ferences in resistance when screening varieties differing
widely in maturity unless some control over the environment
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is exercised.

It may be advisable in more critical tests

to group varieties by maturity to minimize the possible
differential effects of the environment on varietal resis
tance or susceptibility due to early or late maturity.
A total of 272 varieties and lines were screened for
resistance to sheath blight in the greenhouse by growing
and inoculating 35-day old seedlings.

The test methods

used appeared to work satisfactorily.

With three replica

tions, a difference of 1 point in the 0 to 5 rating scale
could be detected among the varieties at the 5% probability
level.

The disease reaction of seedlings grown in the

greenhouse was highly correlated with mature plant reaction
in both the 1973 and 1974 field disease nurseries.

The

correlation coefficient calculated between seedling re
action rated in the greenhouse and mature plant reaction
in the field in a sample of 50 varieties was 0.551 in 1973
and 0.528 in 1974, both r-values were highly significant.
While the severity of infection in the field was
negatively correlated with the number of days to heading
of the varieties, the severity of infection of seedlings
of the same varieties in greenhouse tests was not corre
lated with days to heading in the field.

This indicates

that the seedling test was free of the environmental
effects in the field brought about by differences in head
ing dates.

Varieties showing resistance in both field

nurseries and seedling tests in the greenhouse were CS-S4,
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Early Colusa, Early Prolific, IR8 , Jojutla, Sh 30-21,
Taducan, Taichung Native 1, Tetep, and Zenith.
A group of 30 varieties of about the same maturity
selected to cover the range of sheath blight reaction from
susceptible to resistant were used in a series of experi
ments involving methods of testing for resistance to sheath
blight in the field, greenhouse, and laboratory.

Field

experiments showed that inoculation at tillering, booting,
or heading stages of growth and making disease readings 16
days after inoculation produced significant differences in
reaction among the 30 test varieties.

However, the differ

ences were more distinct after inoculation at the booting
and heading stages than at the tillering stage.

The plants

were more resistant at tillering than at booting or head
ing, however, the varieties tended to maintain their re
lative resistance or susceptibility ranking from tillering
through heading.

Making the disease readings 25 days after

heading gave a higher degree of differentiation among re
sistant and susceptible varieties whether inoculation was
done at the booting or heading stage.
The differences in reaction of the 30 test varieties
to sheath blight were more distinct in the field than on
35-day old seedlings in the greenhouse.

The amount of

variation that could be attributed to the varieties,
relative to the total observed variation, was 72.18% in
the greenhouse test compared to 78.21% to 82.25% in
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corresponding field tests rated for infection 25 days after
heading.

Highly significant correlations were obtained

between seedling reaction in the greenhouse and mature
plant reaction in the field in both 1973 and 1974, the
r-values being 0.770 and 0.638, respectively.
Laboratory tests, whether by mixing the inoculum with
the soil or pouring the inoculum over the seeds, showed
significant differences in reaction among the test varieties
but the results were more variable than those obtained from
the corresponding field or greenhouse tests.

Apparently,

the sheath blight reactions of 8-9-day old seedlings were
difficult to classify into the 0 to 5 rating scale.

The

correlations between laboratory results and results from
mature plants in the field were generally weak or non
significant.

The variable results plus the poor correla

tion with disease reaction in the field indicate the lab
oratory tests were a poor method of testing for resistance
to sheath blight.
Four methods for inoculating rice lines in the green
house were studied using rice grain-rice hull infested
with the fungus and string infested with the fungus as
inocula.

Distributing the grain-hull inoculum over the

row of seedlings resulted in about the same level of in
fection as placing the grain-hull inoculum at the base
of seedlings.

The use of grain-hull inoculum on the

average produced higher levels of infection than the use
of string inoculum.

Placing two instead of one string
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over the plants gave higher levels of infection on the
test varieties.

There was a highly significant method x

variety interaction indicating a differential response of
the varieties to inoculation methods.

The ranking of the

varieties in their order of susceptibility was the same in
all methods except for the method where the grain-hull
inoculum was placed at the based of seedlings.

This change

in ranking of the varieties appeared to be the major cause
of the significant method x variety interaction.

In terms

of efficiency, the inoculation methods could be ranked in
descending order as follows:

(i)

distributed on top of seedlings,

grain-hull inoculum
(ii)

use of two strings

infested with the fungus as inoculum, (iii)

use of only

one string, and (iv) placing the grain-hull inoculum at
the base of seedlings.
The inheritance of resistance to sheath blight was
studied in the crosses Bluebelle x Caloro, Bluebelle x
Zenith, Dawn x Caloro, and Dawn x Zenith.

The parent

varieties and F-^ and Fg progeny from the crosses were
evaluated in the field in 1974.

The parents and 48 random

F^ lines from each cross, except for Dawn x Caloro, were
tested at the seedling stage in the greenhouse in 1975.
The mean level of infection and distribution of F^ plants
with regards to the parents in all crosses indicated that
resistance to sheath blight is partially dominant over
susceptibility.

The mean and distribution of the F 2 plants
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also suggested that resistance is partially dominant.

In

all crosses the mean level of infection in the F 2 was lower
than the mean of the parents.

The distribution of the F2

plants by percent infection was continuous over a range
essentially covering the extremes of both parents.

The

number of Fg plants that appeared to be parental genotype
recoveries of the parent varieties suggest that as few as
2 gene pairs may control the difference in sheath blight

resistance between the very susceptible and moderately
resistant parent varieties.
Parent-offspring regressions were conducted using the
rating of F2 plants from field tests and the mean disease
rating of seedlings of the derived Fg lines.

The regression

coefficients were low indicating that the correspondence
between the disease ratings of F 2 plants and the reaction
of F 3 lines derived from these plants was poor.

On the

assumption that seedling reactions in the greenhouse were
valid measures of inherent resistance or susceptibility
of the lines, then selection in the Fg generation based
on the disease reactions of single plants would not be
effective.
The broad sense heritability values estimated using
the variance components obtained from the analyses of
variance of disease ratings of the derived F 3 lines were
moderately high to high.

The high heritability estimates

based on line means indicated that it was possible to

144

select for sheath blight resistance at the seedling stage
in the greenhouse as early as the F3 generation.

F 3 lines

with reactions like the susceptible parent were infrequent
in the progenies of all crosses.

Of the 144 F 3 lines

tested, 27 lines could be considered moderately resistant.
There was a highly significant negative correlation
between number of days to heading and severity of infection
among the F 2 plants.

The correlation was strongest among

the F2 plants from the crosses Bluebelle x Caloro and Dawn
x Caloro, where the number of days to heading ranged from
87 to 128 days.

The relationship was not as strong in the

F 2 plants derived from the crosses Bluebelle x Zenith and
Dawn x Zenith, where the number of days from sowing to
heading ranged only from 91 to 104 days and 93 to 102 days,
respectively.

The highly significant correlation between

the number of days to heading and severity of infection
suggests that F 2 populations with wide segregation in num
ber of days to heading are not well suited as materials
for studying the inheritance of resistance to sheath blight.
When plants differ widely in heading date, they tend to
reach their susceptible stage at different periods and
necessarily would not be under the same environmental
conditions at the time they are most susceptible.
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